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ABSTRACT 



We present 6.5-meter MMT and 3.5m APO spectrophotometry of 69 H II regions in 42 low-metallicity emission-line galaxies, selected 
from the Data Release 7 of the Sloan Digital Sky Survey to have mostly [O III]/14959/H8 S 1 and [N Il]/16583/HyS S 0. 1 . The electron 
temperature-sensitive emission line [O III] /14363 is detected in 53 H II regions allowing a direct abundance determination. The oxygen 
abundance in the remaining 16 H II regions is derived using a semi-empirical method. The oxygen abundance of the galaxies in our 
sample ranges from 12 + log O/H ~ 7. 1 to ~ 7.9, with 14 H II regions in 7 galaxies with 12 +log 0/H < 7.35. In 5 of the latter galaxies, 
the oxygen abundance is derived here for the first time. Including other known extremely metal-deficient emission-line galaxies from 
the literature, e.g. SBS 0335-052W, SBS 0335-052E and I Zw 18, we have compiled a sample of the 17 most metal-deficient (with 
12 -Flog O/H < 7.35) emission-line galaxies known in the local universe. There appears to be a metallicity floor at 12 -l-log O/H ~ 6.9, 
suggesting that the matter from which dwarf emission-line galaxies formed was pre-enriched to that level by e.g. Population III stars. 

Key words, galaxies: abundances — galaxies: irregular — galaxies: evolution — galaxies: formation — galaxies: ISM — H II 
regions — ISM: abundances 
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1. Introduction 

Extremely metal-deficient (XMD) emission-line galaxies at low 
redshifts are the most promising young galaxy candidates in 
the local Universe (Guseya et al. 2003; Izptov & Thuan 2004b). 
Those XMD objects are often defined as emission-line galax- 
ies with an oxygen abundance 12 + log O/H < 7.65 (e.g. 
[KnTazev et al. 2003; Kakazu etlD l2007t iPustilnik & Martini 
'2007; Ekta & Chengalur 2010), a definition which we will adopt 
hereafter. These galaxies are important to identify because of 
several reasons. First, their nearly pristine interstellar medium 
(ISM) can shed light on the properties of the primordial ISM 
at the time of galaxy formation. There is now some evidence 
of a metallicity floor, i.e. that even the most metal-deficient star- 
forming galaxies in the local Universe formed from matter which 
was already pre-enriched b y a previous star f ormation episode, 
e.g. by Population III stars (" Thuan et al.l l2005V A similar metal- 
licity floor appears also to be present in damped Lyo- systems 
dProchaska et all2003l) . It is thus quite important to find as many 
emission-line XMD galaxies as possible, especially the ones 
with the lowest metallicities, to have enough statistics to assess 
the reality of such a metallicity floor, and in so doing, to estab- 



lish firmly the level of that pre-enrichment. Second, because they 
have not undergone much chemical evolution, these galaxies are 
also the best objects for the determination of the primord ial "^H e 
abundance Yp (e.g. Ilzotov & Thuan 2004a; Izotov et^l2007h . 
A recent determination of Yp (Izotov & Thuaa.2010.) appears to 
indicate that a small deviation from the standard Big Bang nu- 
cleosynthesis model may exist, suggesting new physics such as 
the existence of light sterile neutrinos. It is important to con- 
adopt fij-jjj j-jjjg result by improving the determination of Yp with as 
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* Based on observations with the Multiple Mirror telescope (MMT) 
and the 3.5m Apache Point Observatory (APO). The MMT is op- 
erated by the MMT Observatory (MMTO), a joint venture of the 
Smithsonian Institution and the University of Arizona. The Apache 
Point Observatory 3.5-meter telescope is owned and operated by the 
Astrophysical Research Consortium. 

** Figures 1-3 and Tables 2-8 are available in electronic form at 
http://www.aanda.org 



many XMD emission-line galaxies as possible. Third, in the hi- 
erarchical picture of galaxy formation, large galaxies form from 
the assembly of small dwarf galaxies. While much progress has 
been made in finding large popula tions of galaxies at high red- 
shifts (z ^ 3, ISteidel et al.ll2003h . truly young galaxies in the 
process of forming remain elusive in the distant universe. The 
spectra of those far-away galaxies generally show the presence 
of a substantial amount of heavy elements, indicating previous 
star formation and metal enrichment. Therefore, XMD emission- 
line dwarf galaxies are possibly the closest approximations we 
can find of the elementary primordial units from which galaxies 
formed. Their relative proximity allows studies of their stellar, 
gas and dust content with a sensitivity, spectral and spatial reso- 
lution that faint distant high-redshift galaxies do not allow. 

XMD emission-li ne galaxies are however very rare (e.g. 
iKunth & Ostlinll2000h . Many surveys have been carried out to 
search for such galaxies without significant success. For more 
than three decades, one of the first blue compact dwar f (BCD) 
galaxies discovered, I Zw 18 (ISargent&SearIelll970l) . contin- 
ued to hold the record as the most metal-deficient emission-line 
galaxy known, with an oxygen abundance 12 H- log O/H = 7.17 
+ 0.01 in its northwestern component and 7.22 + 0.02 in its 
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Table 1. General Characteristics of Galaxies 



Name 


R.A.(J2000.0) 


Dec.(J2000.0) 


redshift 


Distance 
Mpc 


B,8 


Other names 


Reference" 


a) 3.5m APO observations 


J0113+0052NO.1 


01:13:40.45 


+00:52:39.14 


0.00383 


15.80 


13.69±0.01 


UGC 772 


2 


J0113+0052NO.2 


01:13:40.45 


+00:52:39.14 


0.00383 


15.80 


13.69±0.01 


UGC 772 


2 


J0113+0052NO.3 


01:13:40.45 


+00:52:39.14 


0.00383 


15.80 


13.69±0.01 


UGC 772 


2 


J0113+0052NO.4 


01:13:40.45 


+00:52:39.14 


0.00383 


15.80 


13.69+0.01 


UGC 772 


2 


J0138+0020 


01:38:35.02 


+00:20:05.12 


0.01696 


67.84 


19.14±0.02 




1 


J0834+5905NO.1 


08:34:37.19 


+59:05:35.99 


0.00477 


19.08 


19.87±0.02 




1 


J0834H-5905NO.2 


08:34:37.19 


+59:05:35.99 


0.00477 


19.08 


19.87+0.02 




1 


J0843+4025 


08:43:37.99 


+40:25:46.96 


0.00205 


10.17 


17.57±0.02 




1 


J0851+8416 


08:51:03.55 


+84:16:13.33 


0.00614 


29.70 


16.00±0.01 


UGC 4557 


1 


J0906+2528NO.1 


09:06:00.92 


+25:28:11.33 


0.00921 


39.50 


17.41±0.01 




1 


J0906+2528NO.2 


09:06:00.92 


+25:28:11.33 


0.00921 


39.50 


17.41±0.01 




1 


J0908+0517NO.1 


09:08:36.53 


+05:17:26.95 


0.00202 


6.45 


16.96+0.24 


KKH46 


3 


J0908+0517NO.2 


09:08:36.53 


+05:17:26.95 


0.00208 


6.45 


16.96±0.24 


KKH46 


3 


J0950+3127NO.1 


09:50:19.49 


+31:27:22.24 


0.00203 


7.25 


15.41±0.01 


UGC 5272b 


4 


J0950+3127NO.2 


09:50:19.49 


+31:27:22.24 


0.00201 


7.25 


15.41±0.01 


UGC 5272b 


4 


DD068 No.2 


09:56:46.05 


+28:49:43.78 


0.00203 


5.85 


14.30±0.00 


UGC 534, J0956+2849NO.2 


5 


DD068 No.3 


09:56:46.05 


+28:49:43.78 


0.00196 


5.85 


14.30±0.00 


UGC 534, J0956+2849NO.3 


5 


J1056+3608NO.1 


10:56:40.35 


+36:08:27.94 


0.00218 


7.68 


18.54±0.02 


HS 1053+3624 


1 


J1056+3608NO.2 


10:56:40.35 


+36:08:27.94 


0.00200 


7.68 


18.54±0.02 


HS 1053+3624 


1 


J1056+3608NO.3 


10:56:40.35 


+36:08:27.94 


0.00206 


7.68 


18.54±0.02 


HS 1053+3624 


1 


J1109+2007 


11:09:09.53 


+20:07:29.75 


0.00373 


14.92 


17.20±0.01 




1 


J1119+0935NO.1 


11:19:28.09 


+09:35:44.28 


0.00317 


12.10 


16.42±0.01 




1 


J1119-h0935No.2 


11:19:28.09 


+09:35:44.28 


0.00343 


12.10 


16.42+0.01 




1 


J1119+0935NO.3 


11:19:28.09 


+09:35:44.28 


0.00340 


12.10 


16.42±0.01 




1 


J1121+3744N0.1 


11:21:46.68 


+37:44:21.18 


0.00679 


31.00 


17.87±0.01 




1 


J1121+3744N0.2 


11:21:46.68 


+37:44:21.18 


0.00679 


31.00 


17.87±0.01 






J 1146+4050 


11:46:37.60 


+40:50:36.68 


0.00288 


15.90 


17.40±0.01 






J1226-0115NO.1 


12:26:22.70 


-01:15:12.33 


0.00659 


30.80 


16.26±0.01 


UM501 


6 


J1226-0115NO.2 


12:26:22.70 


-01:15:12.33 


0.00659 


30.80 


16.26±0.01 


UM501 


6 


J1235+2755N0.1 


12:35:52.35 


+27:55:54.22 


0.00291 


11.64 


16.72±0.14 




7 


J1235+2755N0.2 


12:35:52.35 


+27:55:54.22 


0.00280 


11.64 


16.72±0.14 




7 


J1235+2755N0.3 


12:35:52.35 


+27:55:54.22 


0.00280 


11.64 


16.72±0.14 




7 


J 124 1-0340 


12:41:59.35 


-03:40:02.42 


0.00944 


40.10 


18.07±0.01 




1 


J1257+3341N0.1 


12:57:40.55 


+33:41:39.24 


0.00299 


15.10 


17.43±0.01 




1 


J1257+3341N0.2 


12:57:40.55 


+33:41:39.24 


0.00307 


15.10 


17.43±0.01 




1 


J1257+3341N0.3 


12:57:40.55 


+33:41:39.24 


0.00308 


15.10 


17.43+0.01 




1 


J1403+5804NO.1 


14:03:21.46 


+58:04:03.44 


0.00237 


14.26 


17.12±0.01 




1 


J1403+5804NO.2 


14:03:21.46 


+58:04:03.44 


0.00242 


14.26 


17.12±0.01 




1 


SBS 1420+544 


14:22:38.80 


+54:14:10.00 


0.00242 


88.90 


17.70+0.01 


J1422+5414 


1 


PHL293B 


22:30:36.79 


-00:06:36.96 


0.00583 


24.40 


16.98±0.01 


J2230-0006 


1 



"References on the photometric data. The g magnit udes are from the SPS S a nd the B magnitudes are f rom other sources. The coding is as 
follows: (1) SPSS ; (2) Patterson & Thuan ( 1996); (3) lMakarova et al.l ( 120091) : (4) lKarachentsev et alj ( l2004l) : (5) lde Vaucouleurs et alj ( 119911) : (6) 
lPovleetalJ(l2005h : (7) ,0dewahn & Aldering. Cl995i\ 



southeastern component dThuan & Izotovll200l . Only very re- 
cently, has I Zw 18 been displaced by the BCD SBS 0335-052W 
which was discovered by Pustilnik et al. (1997). This galaxy, 
with an oxygen abundance 12 + log O/H = 7.12 + 0.03, is 
now the emission-l ine galaxy with the lowe s t meta llicity known 
dlzotov et al.1 12005|) . Recently, llzotov et all (l2009h derived the 
oxygen abundance in four H II regions of SBS 0335-052W and 
found that it varies from region to region in the range 6.86 - 
7.22. 

Because of the scarcity of XMD emission-line galaxies such 
as I Zw 18 and SBS 0335-052W, we stand a better chance 
of finding them in very large spectroscopic surveys. One of 
the best surveys suitable for such a search is the Sloan Digital 
Sky Survey (SDSS) (Yorket al. 2000). However, despite inten- 
sive studies of galaxies with a detected temperature-sensitive 
[O III] /14363 emission line in their spectra, no emission-line 
galaxy with an oxygen abundance as low as that of I Zw 18 
has been discovered in the SDSS Data Release 3 (DR3) and 



earlier releases. The lowest-metallicity emission-line galaxies 
found in these releases have oxygen abundances 12 + log O/H 
> 7.4 (Kniazevetal. 2003, 2004; Izotov et al. 2004, 20061. 
Only recently, ha ve Pustilnik et al. (2005), Izotov et a l. (2006q), 
llzotov & Thuaiil (12007. .2009.) and .Guseva et all (12007.) found 
several galaxies with I2+Iog O/H < 7.35 in later SDSS spec- 
troscopic releases. 

In order to find new candidates for XMD emission-line 
galaxies, we have carried out a systematic search for such 
objects in the SDSS Data Release 7 (DR7). We have cho- 
sen them mainly on the basis of t he relative fluxes o f se- 
lected emission l ines, as described in llzotov et"aD (l2006bl) and 
llzotov & ThuanI (l2007h . AH known XMD emission-line galax- 
ies are characterised by relatively weak (compared to H/3) [O 
II] A 3727, [O III] /14959, ASO Q l and fN ii] /16583 emission Unes 
(e. s. llzotov & Thuanll998allbl:llzotov et al.l2005l:IPustiInik et al.l 
3l 



200l llzotov et al]|2006bl) . These spectral properties select out 
uniquely low-metallicity dwarfs since no other type of galaxy 
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Table 1. — Continued. 



Name 


R.A.(J2000.0) 


Dec.(J2000.0) 


redshift 


Distance 
Mpc 


B,8 


Other names 


Reference" 


b) low-resolution MMT observations 


J1016+3754 


10:16:24.53 


+37:54:45.97 


0.00392 


19.90 


15.90±0.01 


HS 1013+3809 


1 


J1016+5823NO.1 


10:16:53.11 


+58:23:40.33 


0.00768 


35.40 


15.90±0.20 


UGC 5541 


5 


J1016+5823NO.2 


10:16:53.11 


+58:23:40.33 


0.00744 


35.40 


15.90±0.20 


UGC 5541 


5 


J1016+5823NO.3 


10:16:53.11 


+58:23:40.33 


0.00780 


35.40 


15.90±0.20 


UGC 5541 


5 


J1044+0353 


10:44:57.80 


+03:53:13.15 


0.01296 


54.50 


17.48±0.06 




1 


J1119+5130 


11:19:34.32 


+51:30:12.13 


0.00473 


23.10 


16.94±0.00 


ARP'S GALAXY 




J1132+5722N0.1 


11:32:02.62 


+57:22:36.56 


0.00507 


26.40 


16.19+0.01 


SBS 1129+576 


1 


J1132+5722N0.2 


11:32:02.62 


+57:22:36.56 


0.00534 


26.40 


16.19±0.01 


SBS 1129+576 


1 


J1132+5722N0.3 


11:32:02.62 


+57:22:36.56 


0.00521 


26.40 


16.19±0.01 


SBS 1129+576 


1 


J1154+4636 


11:54:41.22 


+46:36:36.35 


0.00360 


19.30 


17.21±0.01 


CG 1473 


1 


J1215+5223 


12:15:46.62 


+52:23:13.85 


0.00046 


3.33 


15.17±0.00 


CGCG 269-049 


1 


J1224+3724 


12:24:36.72 


+37:24:36.55 


0.04040 


179.90 


17.86±0.01 


CG 1022, HS 1222+3741 


1 


J1244-^3212No.l 


12:44:05.98 


+32:12:32.33 


0.00223 


7.51 


10.10±0.01 


NGC 4656 


5 


J1244+3212N0.2 


12:44:05.98 


+32:12:32.33 


0.00206 


7.51 


10.10±0.01 


NGC 4656 


5 


J1244+3212N0.3 


12:44:05.98 


+32:12:32.33 


0.00207 


7.51 


10.10±0.01 


NGC 4656 


5 


J 1248+4823 


12:48:27.79 


+48:23:03.29 


0.02955 


124.60 


18.09±0.01 


HS 1246+4839 


1 


J 1327+4022 


13:27:23.29 


+40:22:04.15 


0.01049 


48.00 


19.11±0.01 




1 


J1331+4151 


13:31:26.90 


+41:51:48.29 


0.01168 


52.60 


16.92±0.00 




1 


J1355+4651 


13:55:25.64 


+46:51:51.34 


0.02812 


118.30 


19.26±0.01 


HS 1353+4706 


1 


J1608+3528 


16:08:10.36 


+35:28:09.30 


0.03241 


138.90 


18.75±0.02 




1 


c) medium-resolution MMT observations 


J0810+1837 


08:10:30.66 


+ 18:37:04.22 


0.00657 


21.70 


17.97±0.02 




1 


J0833+2508NO.1 


08:33:35.65 


+25:08:47.14 


0.00759 


32.10 


18.00±0.01 




1 


J0833+2508NO.2 


08:33:35.65 


+25:08:47.14 


0.00759 


32.10 


18.00±0.01 




1 


J0834+5905 


08:34:37.19 


+59:05:35.99 


0.00477 


19.08 


19.87±0.02 




1 


J0931+2717NO.1 


09:31:36.15 


+27:17:46.64 


0.00507 


23.40 


17.71+0.01 




1 


J0931+2717NO.2 


09:31:36.15 


+27:17:46.64 


0.00507 


23.40 


17.71±0.01 




1 


DD068 No.3 


09:56:46.05 


+28:49:43.78 


0.00188 


5.85 


14.30±0.00 


UGC 534, J0956+2849NO.3 


1 


DD068 No.4 


09:56:46.05 


+28:49:43.78 


0.00185 


5.85 


14.30±0.00 


UGC 534, J0956+2849NO.4 


1 


J0959+4626 


09:59:05.76 


+46:26:50.49 


0.00200 


8.00 


17.80±0.01 




1 


J1057+1358NO.1 


10:57:38.15 


+ 13:58:44.53 


0.00424 


20.20 


17.24+0.02 




1 


J1057+1358NO.2 


10:57:38.15 


+ 13:58:44.53 


0.00424 


20.20 


17.24±0.02 




1 


J1121+3744N0.1 


11:21:46.68 


+37:44:21.18 


0.00657 


31.00 


17.87±0.01 




1 


J1121+3744N0.2 


11:21:46.68 


+37:44:21.18 


0.00657 


31.00 


17.87±0.01 




1 


J 123 1+4205 


12:31:09.08 


+42:05:33.89 


0.00190 


8.19 


17.78±0.02 




1 



"References on the photometric data. The g magnit udes are from the SPS S a nd the B magnitudes are f rom other sources. The coding is as 
follows: (1) SPSS ; (2) Patterson & Thuan ( 1996); r3') lMakarova et al.l (l2009l) : (4') lKarachentsev et alJ(l2004^ : (5) lde Vaucouleurs et alJ(ll991h : (6) 
iPovle et alj ( 120051) : (7) lOdewahn & Alderind (199^). 



possesses them. This technique appears to be more efficient in 
uncovering XMD galaxies with the lowest metallicities, those 
with 12 + log O/H < 7.35, as compared to the selection tech- 
nique based on br oad-band photometric colors used e.g. by 
iBrown et all (12008) who found only objects with 12 + log O/H > 
7.35. In contrast to previo us studies ( Kniazev et al. 2003, 2004; 
llzotov et aP l2004 l2006ah which focus exclusively on objects 
with a detected [O III] /14363 emission line in the SDSS sprec- 
tra, we have also considered objects which satisfy the criteria 
described above, but with spectra where [O III] /14363 is weak 
or not detected. Since the [O ll] A3121 line is out of the observed 
wavelength range in SDSS spectra of galaxies with a redshift z 
lower than 0.02, we use the two following criteria to select candi- 
date XMD emission-Hne galaxies: [O lll]/i4959/Hy8 g 1 and [N 
Il]/16583/Hj0 ^0.1. The efficiency of this technique to a chieve 
our goals has been de monstrated by llzotov et"an (l2006b) and 
llzotov & ThuanI (|2007|) . 

While the SDSS spectra allow us to select very low metal- 
licity galaxies, we need additional spectral observations for the 
following reasons: 1) spectra that go further into the blue wave- 
length range than SDSS spectra are required to detect the [O 
II] /13727 line. For a precise oxygen abundance determination, 
this line is needed to provide information on the singly ionised 



ionic population of oxygen. In principle, the [O ll] /17320, 7330 
emission lines can be used instead. However, these lines are very 
weak or not detected in the SDSS spectra of low-metallicity 
candidates. 2) A better signal-to-noise ratio spectrum may al- 
low the detection of a weak [O III] A4363 emission line, which 
would permit a direct determination of the electron temperature. 
3) Very often, low-metallicity candidates possess two or more 
H II regions with different degrees of excitation. However, SDSS 
spectra are usually obtained for only one H II region, chosen 
sometimes not in the most optimal way. 

For these reasons, we have obtained new spectroscopic ob- 
servations with the 3.5m APO telescope and the MMT of a sam- 
ple of SDSS XMD emission-line galaxy candidates. In addition 
to the galaxies selected by using the criteria described above, we 
have also selected a subsample of low-redshift (z<0.02) SDSS 
galaxies with high excitation ([O Ill]/14959/Hy6 > 1) to improve 
their abundance determination with MMT/Blue channel obser- 
vations, because their [O u]A3121 emission line is not included 
in the spectral range of their SDSS spectra. The motivation for 
observing this subsample is the fact that XMD BCDs like I Zw 
18 and SBS 0335-052 are also often characterised by high ex- 
citation. The observations and data reduction are discussed in 
Section|2] The element abundances are derived in Section[3] We 
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consider in Section |4] the luminosity - metallicity relations for 
XMD emission-line galaxies and the issue of a metallicity floor, 
and in Section |5] their location in the emission-line diagnostic 
diagram. Our main findings are summarised in Section|6l 

2. Observations and data reduction 

2. 1. APO observations 

New optical spectra were obtained for a subsample of galaxies 
using the 3.5 m APO telescope in the course of several nights 
during the February 2008 - February 2009 period. The general 
characteristics of these galaxies, such as redshift, distance, ap- 
parent B magnitude (if available in the literature) or SDSS g 
magnitude and other names are shown in Table [T] The Journal 
of observations is shown in Table |2] (available only in the elec- 
tronic edition). The 3.5 m APO observations were made with 
the Dual Imaging Spectrograph (DIS) in the both the blue and 
red wavelength ranges. In the blue range, we use the B400 grat- 
ing with a linear dispersion of 1.83 A/pix and a central wave- 
length of 4400A, while in the red range we use the R300 grating 
with a linear dispersion 2.31 A/pix and a central wavelength of 
7500A. The above instrumental set-up gave a spatial scale along 
the sHt of 0'.'4 pixel"', a spectral range ~3600 - 9600A and a 
spectral resolution of 7A (FWHM). The slit orientation, the total 
exposure time and the airmass during observations are shown in 
Table|2] Several Kitt Peak IRS spectroscopic standard stars were 
observed for flux calibration. Spectra of He-Ne-Ar comparison 
arcs were obtained at the beginning or the end of each night for 
wavelength calibration. 

2.2. MMT observations 

The MMT spectrophotometric observations were obtained on 
the nights of 2008 March 28 - 29, and 2010 April 13. The galax- 
ies are listed in Table[T]separately for low- and medium- spectral 
resolution observations. All observations have been made with 
the Blue Channel of the MMT spectrograph. The log of the ob- 
servations is given in Table |2] We used a 300 grooves/mm grat- 
ing in first order for the low-resolution observations and a 800 
grooves/mm grating in first order for the medium-resolution ob- 
servations. The above instrumental set-ups gave a spatial scale 
along the slit of Off 6 pixel ', and respectively a spectral range 
of 3600-7500A and a spectral resolution of ~ 7A (FWHM) for 
the low-resolution observations, and of 3200-5200A and ~ 3A 
(FWHM) for the medium-resolution ones. The total exposure 
times, orientations of the slit and airmasses for each MMT ob- 
servation are given in Table |2l In 2008, the Kitt Peak IRS spec- 
troscopic standard stars BD 33d2642 and HZ 44 were observed 
for flux calibration during the first night, while BD 33d2642, BD 
75d325 and Feige 34 were observed during the second night. In 
2010, BD 33d2642, BD 75d325 and Feige 34 were observed. 
Spectra of He-Ne-Ar comparison arcs were obtained before and 
after each observation to calibrate the wavelength scale. 

2.3. Results 

Several galaxies listed in Table [T] have been observed previ- 
ously by other authors. To improve their abundance determina- 
tion, we have reobservedJOl 13+0052, DDO 68, SBS 1 1 16H-517, 
SBS 1129H-576, SBS 1420-H544 and PHL 293B. Two galaxies, 
JI121H-3744 and J0834H-5905, were observed twice, both with 
the 3.5m APO and the MMT. 
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Fig. 4. Abundance ratios vs oxygen abundance. The emission- 
line galaxies from this paper are shown by large circles, the filled 
circles representing galaxies with element abundances derived 
by the direct method, and the open ones galaxies with element 
abundances derived by the semi-empirical method; small filled 
circles are XMD emission-line galaxies from , Izotov & Thuaiil 
( l2004al) . and dots are SDSS galaxies from llzotov et alj ( l2006air 



The two-dimensional spectra were bias subtracted and flat- 
field corrected using IRAin We then use the IRAF software rou- 
tines IDENTIFY, REIDENTIFY, FITCOORD, TRANSFORM 
to perform wavelength calibration and correct for distortion and 
tilt for each frame. One-dimensional spectra were then extracted 
from each frame using the APALL routine. The sensitivity curve 
was obtained by fitting with a high-order polynomial the ob- 
served spectral energy distribution of standard stars. Then sensi- 
tivity curves obtained from observations of different stars during 
the same night were averaged. 

The 3.5m APO, the low- and medium-resolution MMT H II 
region spectra are shown respectively in Figures[T]|2]and[3] They 
are available only in the electronic online version. These spectra 
have all been reduced to zero redshift. 

The extinction-corrected line fluxes 1(A), normalised to 
/(Hj6) and multiplied by a factor of 100, and their errors, derived 
from the 3.5m APO, MMT low-resolution and MMT medium- 
resolution observations are given in Tables [3] H and |5j respec- 
tively. They are available only in the electronic version on line. 
The data were obtained using the IRAF SPLOT routine. The line 
flux errors listed include statistical errors derived with SPLOT 



' IRAF is distributed by National Optical Astronomical Observatory, 
which is operated by the Association of Universities for Research 
in Astronomy, Inc., under cooperative agreement with the National 
Science Foundation. 
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Table 9. Abundances, extinction coefficients, 11/3 equivalent widths, and absolute magnitudes 



Name 


12+logO/H'' 


logN/0 


logNe/0 


logS/0 


logAr/0 


Cim 


EW(I^8) 


Mg, Mb 


a) 3.5m APO observations 


J0113+0052NO.1 


7.15+0.09(D) 




-0.72+0.21 








0.065 


40.7 


-17.62 


J0113+0052NO.2 


7.32±0.04(D) 


-1.50+0.08 










0.035 


20.8 


-17.62 


J0113+0052NO.3 


7.30±0.08(D) 












0.115 


30.0 


-17.62 


J0113+0052NO.4 


7.32+0.04(D) 


-1.43+0.07 










0.045 


47.3 


-17.62 


J0138+0020 


7.52+0.07(E) 












0.210 


20.4 


-15.15 


J0834+5905NO.1 


7.43±0.05(E) 


-1.49+0.10 










0.285 


17.9 


-12.03 


J0834+5905NO.2 


7.37±0.06(E) 












0.135 


9.9 


-12.03 


J0843+4025 


7.57+0.06(E) 


-1.58+0.10 










0.000 


16.3 


-12.47 


J0851+8416 


7.66+0.06(D) 


-1.47+0.09 


-0.93+0.14 








0.135 


83.6 


-16.75 


J0906+2528NO.1 


7.50±0. 14(D) 


-1.77+0.19 


-0.93+0.43 








0.210 


12.2 


-16.22 


J0906+2528NO.2 


7.46±0.09(D) 


-1.43+0.12 


-0.81+0.22 








0.240 


37.1 


-16.22 


J0908+0517NO.1 


7.39±0.08(E) 


-1.46+0.15 










0.410 


17.2 


-12.73 


J0908+0517NO.2 


7.68+0.03(D) 


-1.32+0.04 


-0.76+0.05 


-1.49= 


t0.06 


-2.17+0.04 


0.040 


197.4 


-12.73 


J0950-I-3127NO.1 


7.41+0.07(E) 












0.005 


14.5 


-14.10 


J0950+3127NO.2 


7.45±0. 17(D) 


-1.62+0.25 








-2.04+0.22 


0.140 


124.6 


-14.10 


DD068 No.2 


7.18±0.05(D) 




-0.79+0.10 






-2.28+0.07 


0.030 


191.6 


-14.59 


DD068 No.3 


7.08+0.09(D) 




-0.93+0.22 








0.005 


85.3 


-14.59 


J1056-I-3608NO.1 


7.16+0.07(D) 


-1.45+0.25 


-0.83+0.17 








0.340 


134.4 


-11.21 


J1056+3608NO.2 


7.32±0. 16(D) 


-1.47+0.22 










0.000 


31.7 


-11.21 


J1056+3608NO.3 


7.31±0.11(D) 


-1.46+0.16 


-0.70+0.32 








0.000 


32.5 


-11.21 


J1109-I-2007 


7.47+0. 10(D) 


-1.77+0.14 










0.350 


22.6 


-14.67 


J1119-I-0935NO.1 


7.47±0.05(E) 


-1.43+0.09 








-2.49+0.13 


0.055 


18.7 


-14.53 


J1119+0935NO.2 


7.70±0.06(D) 


-1.49+0.08 


-0.87+0.13 






-2.47+0.07 


0.225 


57.6 


-14.53 


J1119+0935NO.3 


7.43±0.09(E) 


-1.44+0.17 










0.280 


29.5 


-14.53 


J112U3744N0.1 


6.78+0. 16(E) 












0.000 


8.9 


-14.59 


J 1146+4050 


7.34±0.06(E) 


-1.31+0.10 








-2.21+0.18 


0.110 


17.9 


-13.92 


J1226-0115NO.1 


7.77±0.02(D) 


-1.44+0.02 


-0.78+0.03 


-1.59= 


t0.03 


-2.20+0.03 


0.130 


158.5 


-16.76 


J1226-0115NO.2 


7.81±0.02(D) 


-1.37+0.02 


-0.83+0.03 


-1.55= 


t0.03 


-2.27+0.04 


0.275 


149.2 


-16.76 


J1235+2755N0.1 


7.58±0.05(E) 


-1.74+0.07 


-0.82+0.14 








0.105 


36.7 


-13.99 


J1235+2755N0.2 


7.83±0.02(D) 


-1.51+0.03 


-0.76+0.05 


-1.78= 


t0.05 


-2.42+0.03 


0.075 


129.8 


-13.99 


J1235+2755N0.3 


7.77±0.03(D) 


-1.52+0.04 


-0.78+0.07 


-1.80= 


t0.05 


-2.37+0.04 


0.220 


156.6 


-13.99 


J1241-0340 


7.74±0.01(D) 


-1.54+0.02 


-0.69+0.03 


-1.64= 


t0.03 


-2.27+0.02 


0.310 


125.3 


-15.83 


J1257+3341N0.1 


7.47+0.1 1(D) 


-1.44+0.15 


-0.83+0.28 






-2.51+0.16 


0.055 


75.7 


-13.52 


J1257+3341N0.2 


7.62+0.07(E) 




-0.59+0.21 








0.000 


22.8 


-13.52 


J1257+3341N0.3 


7.48+0.09(D) 


-1.53+0.13 


-0.88+0.27 






-2.45+0.14 


0.000 


90.6 


-13.52 


J1403+5804NO.1 


7.36+0.06(E) 


-1.49+0.12 










0.070 


9.1 


-14.01 


J1403+5804NO.2 


7.40+0.05(D) 


-1.64+0.08 


-0.79+0.11 






-2.37+0.08 


0.180 


46.4 


-14.01 


SBS 1420+544 


7.79+0.02(D) 


-1.54+0.03 


-0.69+0.03 


-1.61= 


t0.05 


-2.21+0.06 


0.105 


201.8 


-17.34 


PHL293B 


7.67+0.02(D) 


-1.80+0.03 


-0.70+0.03 


-1.78= 


t0.05 


-2.40+0.05 


0.115 


69.6 


-15.29 



from non-flux calibrated spectra, in addition to eiTors intro- 
duced in the standard star absolute flux calibration, which we 
set to 1% of the line fluxes. These errors will be later propa- 
gated into the calculation of abundance errors. The line fluxes 
we re corrected for both reddening (using the extinction curve 
of IWhitfordlll958h and underlying hydrogen stellar absorption 
de rived simultaneous ly by an iterative procedure as described 
in llzotov et"al] (|1994|) . The extinction coefficient is defined as 
C(Hj8) = 1.47£(B - V), where £{8 - V) = A{V)/3.2 and A{V) 
is the extinction in the V band (Aller 1984). Equivalent widths 
EW(HyS), extinction coefficients C(HyS), and equivalent widths 
EW(abs) of the hydrogen absorption stellar lines are also given 
in Tables |3]-|5] along with the uncorrected H/3 fluxes. 



3. Physical conditions and element abundances 

To determine element abundances, we generally follow the pro- 
cedures of Izotov et al. (1994, 1997) and Thuanetal. (1995). 
We adopt a two-zone photoionised H II region model: a high- 
ionisation zone with temperature Te{0 III), where [O III] and 
[Ne III] lines originate, and a low-ionisation zone with temper- 
ature Tc(0 II), where [O ll], [N ll] and [S ll] fines originate. As 



for the [S III] and [Ar III] lines they originate in the intermedi- 
ate zone between the high and low-ionisation regions. In the H 
II regions with a detected [O III] A4363 emission line, the tem- 
perature Te(0 III) is calculated using the "direct" method based 
on the [O III] /14363/(^4959h-^5007) fine ratio. In H II regions 
where the [O III] /14363 emission lin e is not detected, we use d a 
semi-empirical method described by llzotov & ThuanI (l2007l) to 
derive Te(0 III). 

For Te(0 II), we use the relation between the electr on tem- 
peratures 7^(0 III) and TJO ll) obtained by Izotov e t"an (l2006ah 
from the H II photoionisation models of Stasiils ka & Izotovl 
(i2003i) . These are based on more recent stellar atmosp here mod- 
els an d improved atomic data as compared to the IStasinskal 
(1199 0') models. Ionic and total heavy element abundances are 
derived using expressions fo r ionic abundanc es and ionisation 
coiTection factors obtained by Izotov et al. (2006a). The element 
abundances are given in Tables |6]|7] and [8] (available only in the 
electronic version on line) along with the adopted electron tem- 
peratures for different ions. 

Table |9] summarises the abundance determinations for all H 
II regions, where we show the oxygen abundance 12 H- log O/H, 
the logarithms of abundance ratios log N/O, log Ne/O, log S/O 
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Table 9. — Continued. 



Name 


12-l-logO/H" 


logN/0 


logNe/0 


logS/0 


logAr/0 


C(m 


EW(H/3) 


Mg,MB 


b) low-resolution MMT observations 


J1016+3754 


7.64±0.01(D) 


-1.55+0.03 


-0.76+0.02 


-1.52+0.03 


-2.26+0.04 


0.115 


96.3 


-15.92 


J1016+5823NO.1 


7.74±0.01(D) 


-1.71+0.02 


-0.77+0.02 


-1.68+0.04 


-2.54+0.03 


0.000 


125.8 


-17.29 


J1016+5823NO.2 


7.59±0.06(D) 


-1.43+0.08 


-0.88+0.14 






0.440 


102.6 


-17.29 


J1016+5823NO.3 


7.62+0.01(D) 


-1.72+0.03 


-0.77+0.03 


-1.84+0.07 


-2.48+0.04 


0.020 


169.4 


-17.29 


J1044-h0353 


7.44+0.01(D) 


-1.61+0.03 


-0.75+0.02 


-1.64+0.04 


-2.27+0.04 


0.150 


257.5 


-16.63 


J1119+5130 


7.51±0.02(D) 


-1.64+0.04 


-0.78+0.05 


-1.69+0.11 


-2.60+0.07 


0.025 


30.4 


-14.95 


J1132+5722N0.1 


7.50±0.03(D) 


-1.56+0.04 


-0.83+0.06 


-1.57+0.06 


-2.43+0.05 


0.140 


81.8 


-16.48 


J1132+5722N0.2 


7.74+0.03(D) 


-1.38+0.04 


-0.93+0.07 


-1.64+0.08 


-2.38+0.05 


0.245 


41.0 


-16.48 


J1132+5722N0.3 


7.68+0.05(D) 


-1.44+0.09 


-0.86+0.11 






0.235 


22.3 


-16.48 


J1154+4636 


7.75+0.02(D) 


-1.37+0.03 


-0.75+0.04 


-1.56+0.05 


-2.42+0.04 


0.060 


89.7 


-14.39 


J1215+5223 


7.53+0.02(D) 


-1.56+0.04 


-0.80+0.04 


-1.63+0.08 


-2.38+0.04 


0.180 


84.1 


-12.96 


J1224+3724 


7.78+0.01(D) 


-1.39+0.02 


-0.76+0.02 


-1.65+0.04 


-2.30+0.03 


0.145 


110.9 


-18.83 


J1244+3212N0.1 


7.81+0.03(D) 


-1.64+0.02 


-0.80+0.03 


-1.79+0.03 


-2.44+0.02 


0.085 


78.8 


-19.67 


J1244+3212N0.2 


7.90±0.02(D) 


-1.66+0.03 


-0.81+0.04 


-1.71+0.05 


-2.44+0.03 


0.235 


75.2 


-19.67 


J1244+3212N0.3 


7.81±0.01(D) 


-1.57+0.02 


-0.84+0.03 


-1.73+0.03 


-2.39+0.02 


0.090 


151.7 


-19.67 


J1248+4823 


7.80+0.01(D) 


-1.54+0.03 


-0.76+0.02 


-1.59+0.03 


-2.19+0.03 


0.125 


114.5 


-17.74 


J1327+4022 


7.70±0.01(D) 


-1.37+0.03 


-0.77+0.02 


-1.37+0.04 


-2.07+0.04 


0.060 


220.9 


-14.47 


J1331+4151 


7.70±0.01(D) 


-1.55+0.02 


-0.76+0.02 


-1.52+0.02 


-2.20+0.02 


0.135 


177.6 


-17.07 


J1355+4651 


7.58±0.01(D) 


-1.44+0.07 


-0.76+0.02 


-1.58+0.07 


-2.08+0.06 


0.070 


353.5 


-16.30 


J1608+3528 


7.79+0.02(D) 


-1.70+0.09 


-0.68+0.02 




-2.20+0.09 


0.440 


367.5 


-18.22 


c) high-resolution MMT observations 


J0810+1837 


7.83+0.20(D) 




-0.84+0.60 






0.000 


8.4 


-13.71 


J0833+2508NO.1 


7.69+0.04(D) 




-0.89+0.10 






0.000 


45.4 


-14.67 


J0833-h2508No.2 


7.43+0. 13(D) 




-0.78+0.39 






0.095 


24.7 


-14.67 


J0834+5905 


7.24±0.08(D) 




-0.89+0.23 






0.010 


28.3 


-11.56 


J0931+2717NO.1 


7.45±0.06(E) 




-1.01+0.22 






0.000 


16.5 


-14.14 


J0931-h2717No.2 


7.52±0.06(E) 




-1.01+0.22 






0.000 


18.2 


-14.14 


DD068 No.3 


7.15±0.04(D) 




-0.81+0.07 






0.000 


15.7 


-14.54 


DD068 No.4 


7.16±0.09(D) 




-0.92+0.26 






0.000 


36.0 


-14.54 


J0959+4626 


7.50±0.05(E) 




-0.91+0.22 






0.265 


57.0 


-12.47 


J1057+1358NO.1 


7.18±0.07(E) 










0.000 


8.7 


-14.29 


J1121+3744N0.1 


7.12±0.06(E) 










0.000 


8.4 


-14.59 


J 123 1+4205 


7.62±0.04(D) 




-0.87+0.10 






0.190 


65.7 


-12.33 


"Oxygen abundances derived by direct (D) and semi- 


smpirical (E) methods. 











and log Ar/O, the extinction coefficient C(Hy6), the equivalent 
width of the H/3 emission line, and the galaxy's absolute magni- 
tude in the SDSS g band or in the B band whenever available 
from the literature. Examination of this Table shows that our 
sample consists of H II regions spanning a wide range of oxygen 
abundance 12 + log O/H = 7.1 - 7.9. That range is clearly on 
the low metallicity side of the roughly Gaussian metallic ity dis- 
tribu tion of BCDs which peaks at 12 + log O/H ~ 8.1 dThuanl 
I2OO81) . For comparison, the 12 + log O/H of the Small and 
Large Magellanic Cloud s and the S un are respectively 8 .03, 8.35 
(iRussell & Dopitalll992 ) and 8.69 ("Asplu nd et alll2009h . One of 
the H II regions, Jl 121H-3744 No. 1, has an abnormally low oxy- 
gen abundance. We derived 12 + log O/H = 6.78+0.16 from its 
3.5m APO spectrum. However, because of its faintness, the APO 
spectrum is noisy (Fig.[T]), and we have reobserved Jl 121H-3744 
No. 1 with the MMT. The oxygen abundance obtained from the 
MMT spectrum (Fig. [3]) is significantly higher, 12 + log O/H = 
7.12. However, it is still among the lowest known. Note, how- 
ever, that no [O III] A4363 emission line is detected, therefore its 
abundance has been derived using the semi-empirical method, 
making it less certain. The present sample contains 7 galax- 
ies with 12 + log O/H < 7.35. For two galaxies, J0113H-0052 
and DD O 68, we coiifirm the ver y low oxygen abunda nces first 
found bv llzotov etal] (l2006bl) and lPustilnik et alj (12005!), respec- 
tively. As for the remaining five XMD galaxies, J0834H-5905, 
J1056H-3608, J1057H-1358, J1121H-3744 and J1146H-4050, their 



oxygen abundances are derived for the first time in the present 
paper 

In Table \W\ we show, in order of increasing oxygen abun- 
dance, the list of the 17 lowest metallicity XMD emission-line 
galaxies known so far, including the galaxies studied in this pa- 
per. It is seen from Table [TO] that no H II region with an oxy- 
gen abundance 12 H- logO/H < 7.1 has been found, except for 
three H 11 regions (out of four observe d) in SBS 0335-05 2W. 
This supports the idea discussed by, e.g.. lThuan et al.l (l2005h that 
the matter from which dwarf emission-line galaxies formed was 
pre-enriched to a level 12 + log O/H <: 6.9 (or ~ 2% of the abun - 
dance 12 + log O/H = 8.69 of the Sun. lAspliiiid et alJl2009l) . 
Based on FUSE spectroscopic data, iThuan et aL I (l2005h showed 
that BCDs spanning a wide range in ionised gas metallicities all 
have H I envelopes with about the same neutral gas metallic- 
ity of ~7.0. This is als o the metallicity found in Lya absorbers 
dProchaska et alj|2003h . Taken together, the available data sug- 
gest that there may have been previous enrichment of the pri- 
mordial neutral gas to a common metallicity level 12 H- log O/H 
~ 6.9, possibly by Population III stars. 

As for other heavy elements, we show in Fig. |4] by large 
circles the location of our sample galaxies in the log N/O, log 
Ne/O, log S/O and log Ar/O vs. oxygen abundance diagrams. 
The filled large circles represent galaxies with element abun- 
dances determined by the direct method while the open large 
circles show those with element abundances determined by the 
semi-empirical method. Examination of Fig. |4] shows that there 
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Table 10. List of the most metal-deficient emission-line galaxies 
known 



Name 


12+logO/H" 


Reference* 


SBS 0335-052W 


6.86 -7.22(D) 


3 


SBS 0335-052E 


7.11 -7.32(D) 


3 


J092609.45-^334304.1 


7.12(D) 


10 


J112U3744 


7.12(E) 


1 


DD068 


7.14 - 7.16(D) 


1,4,6 


J0113+0052 


7.15 -7.32(D) 


1,2 


J1056+3608 


7.16 -7.32(D) 


1 


IZw 18 


7.17 -7.22(D) 


5 


11057-^1358 


7.18(E) 


1 


J08344-5905 


7.24(D) 


1 


J2104-0035 


7.26(D) 


2 


J0254+0035 


7.28(D) 


4 


J08 12+4836 


7.28(D) 


4 


Leo A 


7.30(D) 


7 


UGCA 292 


7.30(D) 


8 


J1414-0208 


7.32(D) 


9 


J 1146+4050 


7.34(E) 


1 



"Oxygen abundances derived by direct (D) and semi-empirical (E) 

methods. 

*(!) this paper; (2) llzotov et al] d2006bh: (3) llzotov et alj j2009l) : 
(4) Izotov & Thuan ('20071); (5) 'Thuan & Izotov ('200j[); (6) 



ftzotov&Thuan (2009); (7) I Skillm an et al. (1989), van Zee et alj 
l2006h; (8) Ivan Zed i l200oh ; (9) iGuseva et alJ ilOOH) : (10) 
iPustilnik et. al.ld20IOh . 



is no systematic difference between the filled and open large 
circles. For compa rison, smaller filled circl es show the galaxies 
from the sample of llzotov & ThuarJ (l2004al) used for the primor- 
dial He abundance determination, and dots show the e mission- 
line galaxies from the SDSS DR3 (llzotov et al.ll2006ah . In gen- 
eral, the locations of our galaxies are consistent with those ob- 
tained for other emission-line galaxies. However, since many 
of the galaxies studied in this paper are faint and with weak 
emission lines in their spectra, they show a larger scatter in 
Figure]?] as compared to galaxies from the comparison sample. 
Higher signal-to-noise ratio observations with large telescopes 
are needed to improve the abundance determination in these 
galaxies. 



4. XMD emission-line gaiaxies and thie 
iuminosity-metaiiicity relation 

It was established more than 30 years ago that low-luminosity 
dwarf galaxies have systematically lo wer metallicit i es as 
compare d to more luminous galaxies ( Lequeux et al.l 119791; 
[Skillmanltin[l989; Richer & McCail]1995t). The study of this 
dependence sheds light on the physics of galaxy and star forma- 
tion. The relation may also be potentially useful in searching for 
XMD emission-line galaxies, in addition to our selection crite- 
rion based on the fluxes of [O III] .i4959, 5007 and [N ll] A65U 
emission lines relative to H/3. 

As a measure of metallicity and luminosity of each galaxy, 
we adopt respectively the oxygen abundance 12 + log O/H and 
the absolute magnitude Mg in the g band or Mb in the B band. 
We will call their dependence on one another the "luminosity - 
metallicity" or "L - Z" relation. Because Papaderos et al. (2008) 
have shown that, for emission-line galaxies, the B-g color index 
is < 0. 1 mag, we have not transformed B magnitudes to g mag- 
nitudes and have used either one, whenever available in the liter- 
ature. For the galaxy distances, we have selected the ones from 



the NASA/IPAC Extragalactic Database (NEDfl which are ob- 
tained from the radial velocities corrected for Virgo infall only. 
Distances and apparent g or B magnitudes are given in Table 
lUfor all our galaxies. In the cases where several H II regions 
were observed within the same galaxy, the same distance and g 
or B magnitude of the whole galaxy were assigned to each H 
II region. The derived absolute magnitudes Mg or Mb for all the 
galaxies in our sample are shown in Table]9] They were obtained 
from the apparent magnitudes in Table JT] and corrected for ex- 
tinction as defined by C(H/3) in Table]9]for a single star-forming 
region, or by the average value of C(H/3) in the case of multiple 
knots of star formation. 

The luminosity-metallicity diagram for the present sam- 
ple (Table JlJ is shown in Figure ]5^ by blue large filled and 
open circles. Th e XMD emission-line galaxies discussed by 
llzotov & Thuanl (]2007) . also selected from the SDSS with the 
same selection criteria, are shown by red asterisks. For compar- 
ison, the d ots show the large sample of emission-line galaxies 
studied bv llzotov et al. (2006a). The latter sample includes all 
emission-line star-forming galaxies from the SDSS DR3 with a 
reliably detected [O III] /14363 emission line (its flux is at least 
4 times the flux error). The distances to the SDSS DR3 galax- 
ies are derived from their radial velocities, adopting a Hubble 
constant Hq = 75 km s ' Mpc '. All nearby objects with z < 
0.003, and hence with a less certain distance, are excluded from 
the SDSS DR3 sample. We have also excluded all SDSS galax- 
ies with z > 0.03, thus restricting our sample to dwarf galaxies. 
Totally, the SDSS DR3 sample in Fig.]5h contains 272 galaxies. 
We have also shown and labelled the most-metal deficient BCDs 
known, SBS 0335-052W, SBS 0335-052E and I Zw 18, by blue, 
magenta and red stars, respectively. We show respectively by the 
solid, dotted, and dot- d ashed lines the L-Z relat ions obtaine d by 
Skillman et aP (11989), Richer & McCall (1995), and lBerg etd] 
(2012) for nearby dwarf iiTegular galaxies. 

It can be seen from Fig. ]5^ that the SDSS DR3 galaxies 
with Mg>-18 mag are slightly offset to brighter magnitudes 
as compared to the L — Z relations of Skillman et al. (1989!), 
iRicher & McCalll (11995 ^ and Be rg et all (120121) . Fitting the data 
set composed of the SDSS DR3 galaxies (b l ack do ts) and the 
emission-line galaxies from llzotov & Thuan! (l2007l) (red aster- 
isks) and from the present paper (blue filled and open circles) by 
a linear regression gives: 



12 + logO/H : 



-0.108 xMj + 6.113. 



(1) 



This linear regression is shown in Fig.]5^ by a dashed line. It has 
a slope shallower than the o nes of -0.165 from Skillma n et al.l 
(119891) and of -0.147 from iRicher & McCalll (11995). On the 
ot her hand, the slope of our relation (Eq. HJ is the same as that 
bv iBerg et al.l (l2012l) . However, the relation defined by Eq. lT]is 
shifted by ~ 0.2 dex to lower oxygen abundances indicating that 
we find more metal-poor galaxies with our selection criteria. The 
spread of the data points about the fit is partially due to observa- 
tional uncertainties, but also to the way the samples are selected. 
The SDSS DR3 galaxies have been selected to have a detectable 
[O III] /14363 emission line, and hence to have strong star for- 
mation, in contrast to the rnore qii iesce nt dwarf irregular galaxie s 
studied bv lSkiUman et al.l (11989*) and 'Richer & McCall (19951). 
The shallower slop e of the relation defined by Eq.lT]as compared 
to the relations bv ISkillman et all (1 19891) and IRicher & McCalll 



- This research has made use of the NASA/IPAC Extragalactic 
Database (NED) which is operated by the Jet Propulsion Laboratory, 
California Institute of Technology, under contract with the National 
Aeronautics and Space Administration. 
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Fig. 5. (a) Absolute g magnitude - oxygen abundance relation. The emission-line galaxies from this paper are shown by large 
circles, the filled circles representing galaxies with element abundances derived by the direct method, and the open ones gala xies 
with element abundances derived by the semi-e mpirical method; the XMD emission-line galaxies of llzotov & Thuaril (l2007h are 
shown by red asterisks, and the SDSS galaxies of Izotov et al. ('2006a') by black dots. The dashed line is the linear regression to all 
these d ata. The solid line is the relation derived by Skillman et al. ( 1989), the dotted line is the one derived by Richer & McCal| 
(Il995h . and the dot-dashed Une is the one derived bv lBerg et alJ (i2012l) . For comparison, the most-metal deficient BCDs I Zw 18, 
SBS 0335-052W and SBS 0335-052E are shown by blue, magenta and red stars, respectively, and labelled, (b) H/S luminosity - 
oxygen abundance relation. The symbols are the same as in (a). The solid line is the linear regression to all data, excluding I Zw 18, 
SBS 0335-052W and SBS 0335-052E. 



(Il995h is due to the offset, at a given metallicity, to brighter 
magnitudes of t he SDSS DR3 and em ission-line galaxies in the 
present sample. iGuseva et alj (l2009l) have found that galaxies 
with such strong ongoing star formation tend to be shifted to 
brighter magnitudes as compared to galaxies in a more quies- 
cent stage. Using the equivalent width EW(I-ly6) of the Hfi emis- 
sion line as a measure of the relative contribution of star forming 
regions to the total luminosity of the galaxy, they demonstrated 
that the galaxies with high EW(Hy6) > lOOA are brighter in the 
L-Z diagram as compared to the galaxies with EW(Hy6) < 20A. 

Thus, the XMD galaxies (asterisks, open and filled circles) 
do not follow the relations shown by the solid, dashed, and dot- 
dashed lines. They lie in a horizontal band defined by 7.1 < 12 H- 
log O/H < 7.9, and their metallicities appear to be independent 
of luminosity over a wide range of galaxy absolute brightnesses 
-19 < Mg, Mb < -13. The fact that our emission-line galaxies 
all have relatively low metallicities is not surprising: it is a result 
of the way they have been selected, by considering certain emis- 
sion line flux ratios lying in certain ranges, as described before. 
What may be more surprising is the very large range of abso- 
lute magnitudes -17 < Mg, Mb < -1 1 mag for the galaxies with 
the lowest metallicities (12 + log O/H < 7.5) in our sample. As 
examples of extreme outhers, we have indicated by stars the lo- 
cation of three of the most metal-deficient galaxies known, SBS 
0335-052W, and SBS 0335-052E and I Zw 18. In particular, 
for its oxygen abundance, the galaxy SBS 0335-052E is some 
5.5 mag brig hter than the lumin osity expected from the L - Z re- 
lation by Skil lman et alJ (Il989h (solid line). This high luminosity 
is due to the presence of several luminous super-star clusters in 
SBS 0335-052E (Thuan et al. 1997). Ekta & Chengalur (2010) 
have attributed the deviations of XMD emission-line galaxies 
from the L-Z relation to a combination of a high H I gas con- 
tent (they have processed less gas into stars than other galaxies) 
and of a more uniform mixing of metals in their ISM due to tidal 



interactions. Thus, the use of the luminosity-metallicity relation 
to pick out XMD galaxies, especially the bright ones, is not as 
reliable as our selection method based on the relative fluxes of 
emission lines. 

In Figure |5]3, we show the relation between the H/3 lumi- 
nosity L(Hj6) and the oxygen abundance for the same galaxies 
as in Figure [5^. The upper abscissa shows the coiTesponding 
star formation rate (SFR), derived fro m the Ha lumino sity and 
the relation SFR = 7.9x10 ^2L(Ha) of lKennicuttI ( IT998I) . where 
SFR is in Mq yr ' and L(Ha) is in erg s For logL(H/3)<39.5, 
it is seen that the emission -line galaxies in both the present 
and llzotov & ThuanI (l2007i) samples follow nicely the rela- 
tion defined by the SDSS DR3 galaxies, down to the low- 
luminosity (or low SFR) range. There appears to be a flatten- 
ing for logL(Hy6)>39.5, but it is a result of our selection criteria 
which pick out only gala xies with 12 -H logO/H ^ 7.6 - 7.8. The 
joint fit to the present, the llzotov & ThuanI (l2007h and the SDSS 
DR3 samples gives the linear regression 

12 + logO/H = 0.214 X logL(H/3) - 0.510, (2) 

where L(Hy6) is in erg s 

From inspection of Fig.|5]5, we conclude that the most metal- 
deficient H II regions, those with 12 + logO/H < 7.35, are found 
among galaxies with the lowest li/3 luminosities, those with log 
L(Hy6) ^ 37.5. Given that a single 05V star produces a H^ lu- 
minosity of 4.8x10^'' erg s"' (or log L(05V)= 36.68) (iLeithereJ 
1990), this means that only one or a few O stars are sufficient 
to ionise the ISM in these XMD emission-line galaxies with 
low L(Hj6). Thus, a good recipe for finding XMD emission- 
line galaxies would be to search for galaxies with very low 
Hfi luminosities, those with log L(Hj0) ^ 37.5. However, this 
is a very challenging task since in these galaxies, the emission 
lines would be intrinsically weak, and only very nearby XMD 
emission-line galaxies would be apparently bright enough for re- 
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liable abundance determination. There are however a few bright 
galaxies that are outliers, including three well-known XMD 
BCDs with 12H-logO/H < 7.3, in Fig. SBS 0335-052W, 
SBS 0335-052E and I Zw 18. They are bright because there 
are presently undergoing an intense starburst with a high SFR. 
This starburst produces copious amounts of ionising photons re- 
sulting in high-excitation H II regions. 

In summary, our attempts to find I Zw 18-like or SBS 
0335-052-like objects by searching the entire SDSS spectro- 
scopic survey, containing ~ 10^ galaxy spectra, have not been a 
resounding success. No such galaxy was found in the SDSS, ex- 
cept for I Zw 18 itself. The other two galaxies, SBS 0335-052W 
and SBS 0335-052E, are outside the sky region covered by 
the SDSS. Although the number of XMD galaxies with oxy- 
gen abundances near the metallicity floor has grown, none of 
the newly discovered ones listed in Table [TOl is both as bright in 
apparent magnitude and contains high-excitation H II regions as 
the two well-known prototype XMD BCDs I Zw 18 and SBS 
033 5-052E, discovere d respectively by Sargent & Searle ( 1970) 
and llzotov et"an (I199Q1 . Because of their brightness and their 
high-excitation H II regions, these objects have allowed high- 
sensitivity and high spatial resolution multiwavelength studies 
of their star formation and chemical evolution properties that 
none of the newly discove red XMD emission-line galaxies will 
permit (see iThuanI l2008l for a review). After more than 40 
years of search for the most metal-poor galaxies, I Zw 18 and 
SBS 0335-052E still remain the most interesting objects among 
XMD emission-line galaxies. 



5. XMD emission-line gaiaxies and the 
emission-iine diagnostic diagram 

Finally, in Fig. |6] we show the location of the most metal-poor 
galaxi es in the Bald\yin- Phillips-Terlevich (BPT) diagnostic dia- 
gram ([Baldwin et al.l 19811) for emission-line galaxies. The cloud 
of grey dots represents flie location of t he ~ 100,000 SDSS DR7 
galaxies. The dashed and solid lines (iKauffmann et alJ l2003t 
IStasinska et alj|200 6l) separate star-forming galaxies (to the left 
of the lines) from active galactic nuclei (to the right of the lines). 
Open black circles are luminous compact galaxies (LCGs) with 
high SFRs of ~ 1 - 60 M© yr ' which occupy the upper tail 
of the star-forming galaxy region. LCGs were studied in de- 
tail by 'izoto v et aP (1201 ih who found that their oxygen abun- 
dance distribution peaks at 12 H- log O/H of ~ 8.0. The emission- 
line galaxies observed and discussed in the present paper are 
shown by filled blue circles. They are located below the region 
where lie the bulk of the star-forming galaxies, a sign of their 
less advanced chemical evolution and of their lower metallic- 
ities. The most metal-deficient galaxies known, listed in Table 
[TOl are shown by red filled circles. We have plotted all observa- 
tions of these galaxies that we could find in the literature, includ- 
ing multiple observations of SBS 0335-052E. It is evident from 
Fig.|6]that the lowest-metallicity emission-line galaxies occupy 
a region of the BPT diagram, which has been left vacant be- 
fore by the known star-forming galaxy population. The lowest- 
metallicity galaxies have considerably smaller [O Ill]/Hy6 ratios 
and generally smaller [N IIJ/Hq' ratios. The Local Group dwarf 
irregular galaxy Leo A (encircled in Fig. |6]l has the highest [O 
lll]/HyS ratio among the known lowest-metallicity emission-line 
galaxies. We note that the oxygen abundance for Leo A has been 
derived from the spectrum of a planetary nebula , not of a H II 
region dSkillman et al.ll 19891: Ivan Zee et ani2006l) . The fact that 
this region in the BPT diagram was left empty before suggests 
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Fig. 6. The Baldwin-Phillips-Terlevich diagram ([Baldwin et al.l 
1981) for emission-line galaxies. The emission-line galaxies ob- 
served in this paper are shown by filled blue circles and the 
most-metal deficient star-forming galaxies known (Table [TOli are 
shown by red filled circles, including observations of several 
knots of star formation in SBS 0335-052E. The Local Group 
dwarf irregular galaxy Leo A is encircled. Also, plotted are the 
100,000 emission-line galaxies from SDSS DR7 (cloud of grey 
dots) and a sample of 803 luminous c ompact galaxies (LCGs, 
open bla ck circle s) (llzo tov et al.ll201 1 ). The d ashed line from 
[Kauffma nn et al.l (|2003) and the solid line from lStasinska et all 
(1200 6) separate star-forming galaxies from active galactic nu- 
clei. The latter lie in the right wing of the "butterfly". 



that the population of the most metal-poor emission-line galax- 
ies in the local Universe is extremely small. This is born out by 
our rough search statistics. Out of one million SDSS spectra, we 
have isolated about 13000 emission-line objects with a detected 
[O Ill]/14363, and out of these there are ~ 15 galaxies with 12 + 
log O/H < 7.35, so the fraction of the most metal-poor emission- 
line galaxies in the local universe is ~0.l%. 



6. Conclusions 

We present spectroscopic observations with the 6.5m MMT and 
the 3.5m APO telescope of a sample of 69 H II regions in 
42 dwarf emission-line galaxies. These galaxies were selected 
from the Data Release 7 (DR7) of the Sloan Digital Sky Survey 
(SDSS) using mainly two criteria: [O Ill].i4959/Hj6 < 1 and 
[N Il]/16583/Hj6 $ 0.1. These spectral properties select out ex- 
tremely low-metallicity galaxies, with oxygen abundances com- 
parable to those of the two prototype extremely metal-deficient 
(XMD) emission-Hne galaxies SBS 0335-052E and I Zw 18. 
Our results are as follows: 

1. We find that 14 H II regions in 7 emission-line galaxies 
have oxygen abundances 12 + log O/H < 7.35. Among them, 
the 2 galaxies J0113H-0052 and DDO 68 have been observed 
previously. We confirn i the very low oxyg en abundances for 
J0113-h0( )52 found bv llzotov et all (l2006bl) and for DDO 68 



found bv iPustilnik et all (l2005')"and 'i zotov & ThuanI (12007). In 
addition, we find 5 more galaxies with 12 + log O/H < 7.35. Our 
data set, when combined with previous studies, results in a total 
of 17 known XMD emission-line galaxies with 12 H- log O/H < 
7.35 (Table [TOb. Among all the emission-line galaxies that have 
been studied, there is no object that has been discovered with 
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12 + logO/H < 6.9, although the selection criteria do not for- 
bid such an object. This appears to suggest the existence of an 
oxygen abundance floor at that level, and supports the idea that 
the matter from which dwarf emission-line galaxies formed was 
pre-e nriched to a level 12 + log O/H ~ 6.9 (e.g., [Thuanetal] 
I2OOI . 

2. We have examined the absolute magnitude - metallicity 
diagram for our emission-line galaxies. We find that these form 
an horizontal band where the metallicity appears to be nearly in- 
dependent of luminosity over a wide range (~ 8 magnitudes) of 
absolute magnitudes, coiTesponding to a luminosity range of ~ 
1500. The inclusion of XMD emission-line galaxies in a sam- 
ple of dwarf star-forming galaxies would make the slope of the 
absolute magnitude - metallicity relation shallower as compared 
to samples of more quiescent dwarf irregular galaxies, not in- 
cludin g X MD emission-line galaxie s, as those of .Skillman et al.l 
(119891) and lRicher & McCalf(ll995h . On the other hand, we find 
a tight relation between the H/3 luminosity and the metallicity for 
the combined sample of XMD and SDSS emission-line galaxies, 
where the luminosities change by a factor of ~ 10^. 

3. Because of the large dispersion about the fit to the absolute 
magnitude - metallicity relation, the use of the latter is not a good 
way to select XMD emission-line galaxies. It is more efficient to 
select them on the basis of flux ratios of nebular [O III] and [N ll] 
relative to Hfi emission lines, and by using the H/3 luminosity - 
metallicity relation. We find that more than ~ 1/3 of the studied 
H II regions with log L(Hy6) < 37.5 are XMD galaxies with 12 + 
logO/H < 7.35. On the other hand, we have failed to find more 
bright extremely metal-poor emission-line galaxies in the com- 
plete SDSS spectroscopic survey, similar to the prototype BCDs 
SBS 0335-052E and 1 Zw 18. 
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Table 2. Journal of Observations 



Name 


Date 


Exposure 


Position angle 


Airmass 


SUt 






(s) 


(deg) 




(arcsec) 


a) 3.5m APO observations 


J0113+0052NO.1 


28 Oct. 2008 


2700 


+62.8 


1.41 


1.5 


J0113+0052NO.2 


28 Oct. 2008 


2700 


+62.8 


1.41 


1.5 


J0113+0052NO.3 


28 Oct. 2008 


2700 


+62.8 


1.41 


1.5 


J0113+0052NO.4 


28 Oct. 2008 


2700 


+ 11.9 


1.75 


1.5 


J0138+0020 


07 Feb. 2008 


1800 


+72.3 


1.50 


1.5 


J0834+5905NO.1 


23 Feb. 2009 


1800 


+48.0 


1.13 


2.0 


J0834+5905NO.2 


23 Feb. 2009 


1800 


+48.0 


1.13 


2.0 


J0843+4025 


06 Nov. 2008 


2700 


+ 100.8 


1.49 


1.5 


J0851+8416 


23 Feb. 2009 


1800 


+ 10.0 


1.63 


2.0 


J0906+2528NO.1 


28 Oct. 2008 


3600 


-44.6 


1.41 


1.5 


J0906+2528NO.2 


28 Oct. 2008 


3600 


-44.6 


1.41 


1.5 


J0908+0517NO.1 


01 Mar. 2008 


1800 


-5.7 


1.28 


1.5 


J0908+0517NO.2 


01 Mar. 2008 


1800 


-5.7 


1.28 


1.5 


J0950+3127NO.1 


01 Mar. 2008 


1800 


+259.2 


1.09 


1.5 


J0950+3127NO.2 


01 Mar. 2008 


1800 


+259.2 


1.09 


1.5 


DD068 No.2 


07 Feb. 2008 


2700 


+ 111.3 


1.70 


1.5 


DD068 No.3 


07 Feb. 2008 


2700 


+ 111.3 


1.70 


1.5 


J1056+3608NO.1 


01 Mar. 2008 


2700 


-20.7 


1.08 


1.5 


J1056+3608NO.2 


01 Mar. 2008 


2700 


-20.7 


1.08 


1.5 


J1056+3608NO.3 


01 Mar. 2008 


2700 


-20.7 


1.08 


1.5 


Jl 109+2007 


23 Feb. 2009 


1800 


+117.4 


1.31 


2.0 


J1119+0935NO.1 


01 Mar. 2008 


1800 


-57.1 


1.28 


1.5 


J1119+0935NO.2 


01 Mar. 2008 


1800 


-57.1 


1.28 


1.5 


J1119+0935NO.3 


01 Mar. 2008 


1800 


-57.1 


1.28 


1.5 


J1121+3744N0.1 


01 Mar. 2008 


1800 


-44.1 


1.21 


1.5 


J1121+3744N0.2 


01 Mar. 2008 


1800 


-44.1 


1.21 


1.5 


Jl 146+4050 


01 Mar. 2008 


1800 


+268.3 


1.24 


1.5 


J1226-0115NO.1 


26 Apr. 2008 


1800 


+69.6 


1.21 


1.5 


J1226-0115NO.2 


26 Apr. 2008 


1800 


+69.6 


1.21 


1.5 


J1235+2755N0.1 


13 Apr. 2008 


2700 


+ 100.0 


1.39 


1.5 


J1235+2755N0.2 


13 Apr. 2008 


2700 


+ 100.0 


1.39 


1.5 


J1235+2755N0.3 


13 Apr. 2008 


2700 


+ 100.0 


1.39 


1.5 


J 124 1-0340 


26 Apr. 2008 


3000 


+ 195.0 


1.27 


1.5 


J1257+3341N0.1 


01 Mar. 2008 


1200 


-42.4 


1.15 


1.5 


J1257+3341N0.2 


01 Mar. 2008 


1200 


-42.4 


1.15 


1.5 


J1257+3341N0.3 


01 Mar. 2008 


1200 


-42.4 


1.15 


1.5 


J1403+5804NO.1 


01 Mar. 2008 


1800 


-75.4 


1.16 


1.5 


J1403+5804NO.2 


01 Mar. 2008 


1800 


-75.4 


1.16 


1.5 


SBS 1420+544 


13 Apr. 2008 


3300 


+ 118.1 


1.50 


1.5 


PHL293B 


15 Nov. 2007 


3600 


+ 176.1 


1.19 


1.5 


b) low-resolution MMT observations 


J1016+3754 


29 Mar. 2008 


1200 


+0.0 


1.14 


1.5 


J1016+5823NO.1 


29 Mar. 2008 


1800 


+53.0 


1.35 


1.5 


J1016+5823NO.2 


29 Mar. 2008 


1800 


+53.0 


1.35 


1.5 


J1016+5823NO.3 


29 Mar. 2008 


1800 


+53.0 


1.35 


1.5 


J1044+0353 


29 Mar. 2008 


1800 


+90.0 


1.34 


1.5 


J1119+5130 


29 Mar. 2008 


1800 


+90.0 


1.24 


1.5 


J1132+5722N0.1 


29 Mar. 2008 


2700 


-12.0 


1.33 


1.5 


J1132+5722N0.2 


29 Mar. 2008 


2700 


-12.0 


1.33 


1.5 


J1132+5722N0.3 


29 Mar. 2008 


2700 


-12.0 


1.33 


1.5 


Jl 154+4636 


29 Mar. 2008 


1800 


+0.0 


1.39 


1.5 


J1215+5223 


28 Mar. 2008 


2700 


+0.0 


1.10 


1.5 


J1224+3724 


28 Mar. 2008 


1800 


+0.0 


1.17 


1.5 


J1244+3212N0.1 


28 Mar. 2008 


1800 


+69.0 


1.07 


1.5 


J1244+3212N0.2 


28 Mar. 2008 


1800 


+69.0 


1.07 


1.5 


J1244+3212N0.3 


28 Mar. 2008 


1800 


+69.0 


1.07 


1.5 


J1248+4823 


29 Mar. 2008 


2700 


+0.0 


1.32 


1.5 


J 1327+4022 


29 Mar. 2008 


1800 


+0.0 


1.36 


1.5 


J1331+4151 


28 Mar. 2008 


1800 


+0.0 


1.11 


1.5 


J1355+4651 


28 Mar. 2008 


2400 


+0.0 


1.14 


1.5 


J1608+3528 


28 Mar. 2008 


2400 


+0.0 


1.01 


1.5 


c) medium-resolution MMT observations 


JOS 10+ 1837 


29 Mar. 2008 


1800 


-69.0 


1.03 


1.5 


J0833+2508NO.1 


29 Mar. 2008 


1800 


+0.0 


1.02 


1.5 


J0833+2508NO.2 


29 Mar. 2008 


1800 


+0.0 


1.02 


1.5 


J0834+5905 


13 Apr. 2010 


2700 


-78.0 


1.16 


1.5 


J0931+2717NO.1 


29 Mar. 2008 


1800 


+25.0 


1.01 


1.5 


J0931+2717NO.2 


29 Mar. 2008 


1800 


+25.0 


1.01 


1.5 


DD068 No.3 


28 Mar. 2008 


4500 


+50.0 


1.08 


1.5 


DD068 No.4 


28 Mar. 2008 


4500 


+50.0 


1.08 


1.5 


J0959+4626 


13 Apr. 2010 


2700 


+ 17.0 


1.05 


1.5 


J1057+1358NO.1 


29 Mar. 2008 


1800 


+56.0 


1.05 


1.5 
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Table 2. — Continued. 



Name 


Date 


Exposure 


Position angle 


Airmass 


SUt 






(s) 


(deg) 




(arcsec) 


Jl()57+1358No.2 


29 Mar. 2008 


1800 


+56.0 


1.05 


1.5 


J1121+3744N0.1 


28 Mar. 2008 


1800 


-44.0 


1.04 


1.5 


J1121+3744N0.2 


28 Mar 2008 


1800 


-44.0 


1.04 


1.5 


J1231+4205 


29 Mar. 2008 


1800 


+0.0 


1.03 


1.5 
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Table 3. Emission line intensities in 3.5m APO spectta 



Ion 


l(A)ll(iili} 


l(A)ll(iili} 


I{A)/HHP) 


/(,0//(H/j') 


/(,0//(H^) 








Galaxy 








J0113+0052NO.1 


J0113+0052NO.2 


J0113+0052NO.3 


J0113+0052NO.4 


J0138+0020 


3727 [O II] 


82.51 ± 7.09 


198.72 ± 13.11 


152.91 ± 10.27 


84.76 ± 5.96 


224.87 ± 32.55 


3868 [Ne iii] 


23.73 ± 3.41 










3889 He I + H8 


23.86 ± 4.79 










3968 [Ne iii] + H7 


20.61 ± 4.08 










4101 H<5 


26.01 ± 3.87 


31.54 ± 3.87 








4340 Hy 


49.04 ±3.41 


Ar\ r\Q 1 c ^ c\ 

49.98 ± 5.69 


48.05 ±4.19 


46.91 ± 2.77 




4jo3 [U IIIJ 




I.VJ ± 2.6/ 


lO.jj ± l.oj 


i.yj ± U. Ij 




4861 Hfi 


100.00 ±4.18 


100.00 ± 5.36 


100.00 ± 4.89 


100.00 ± 3.19 


100.00 ± 13.03 


4959 [O IIIJ 


60.08 ± 2.72 


35.08 ± 2.95 


71.36 ± 3.67 


zTC CI ■ n nc 

65.51 ± 2.25 


CO TO ■ o c\ 

58.78 ± 8.52 


5007 [O III] 


188.17 ± 6.04 


r\r\ ^ \ A Ciy 

99.51 ± 4.86 


204.93 ± 7.62 


-t act A A k j101 

188.44 ± 4.81 


180.72 ± 17.05 


6563 Ha 


21 1 A3 ± 8.76 


261.22 ± 11.17 


268.39 ± 10.16 


1 f\'~l . ^11 

238.97 ± 6.31 


288.26 ± 27.13 


6583 [N II] 




7.55 ± 1.02 




^ e A C\ A -X 

3.54 ± 0.41 




6717 [S II] 




21.57 ± 1.63 


1 ^ net lie 

15.98 ± 1.15 






6731 LS II] 




13.03 ± 1.38 


7.25 ± 1.00 






C(H8) 


0.065 


0.035 


0.115 


0.045 


0.210 




6.34 


3.22 


3.59 


7.41 


3.80 


EWCH/?) 


40.7 


20.8 


30.0 


47.3 


20.4 


EW(abs) 


0. 10 


0.00 


1.45 


0.95 


2.95 




J0834+5905NO.1 


J0834+5905NO.2 


J084344025 


J0851+8416 


J0906+2528NO.1 


3727 [O II] 


156.75 ± 10.31 


177.28 ± 19.23 


260.65 ± 14.55 


1 17.77 ± 4.24 


254.94 ± 8.59 


3868 [Ne iii] 








19.09 ± 1.94 


17.78 ± 2.60 


3889 He I + H8 








16.76 ± 2.38 




3968 [Ne iii] + H7 








20.83 ± 2.47 




4101 H(5 








27.40 ± 2.29 




4340 Hy 


46.64 ± 4.71 


47.02 ± 7.41 


31.07 ± 3.49 


46.85 ± 2.16 


46.92 ± 3.19 


4363 [O III] 








6.14 ± 0.98 


4.75 ± 1.61 


4661 tip 


luu.uu ± 4.yu 


lUU.UU ± 1U.42 


lUU.UU ± 4.35 


1 f\n f\c\ _i_ o c/t 
100.00 ± 2.5o 


lUU.UU ± 3.31 


4959 [O III] 


67.32 ± 3.39 


Ar\ c o c o o 

49.58 ± 5.88 


60.16 ± 2.85 


\ rxCi /\i n AC» 

108.01 ± 2.48 


cc CI n 

55.51 ± 2.02 


5007 [0 III] 


192.48 ± 6.79 


146.89 ± 12.16 


173.26 ± 5.79 


307.38 ± 6.20 


1 y C A 

166.35 ± 4.37 


5876 He i 








8.38 ± 0.76 




6563 Ho: 


288.43 ± 10.09 


288.10 ± 22.98 


288.17 ± 9.78 


270.57 ± 4.36 


AO . T n^ 

276.48 ± 7.27 


6583 [N II] 


5.94 ± 1.04 




8.52 ± 1.26 


5.25 ± 0.51 


5.23 ± 0.65 


6717 [S II] 


14.57 ± 1.37 


33.41 ± 4.24 


25.49 ± 1.63 


9.59 ± 0.54 


23.92 ± 1.01 


6731 [S II] 


8.62 ± 1.35 


19.39 ± 3.23 


19.14 ± 1.58 


6.05 ± 0.45 


19.72 ± 1.06 


C(H8) 


0.285 


0.135 


0.000 


0.135 


0.210 


F(H/3Y 


5.23 


2.27 


11.92 


21.63 


7.98 


EW(H8) 


17.9 


9.9 


16.3 


83.6 


12.2 


EW(abs) 


0.50 


1.35 


0.00 


0.00 


0.50 




J0906+2528NO.2 


J0908+0517NO.1 


J0908+0517NO.2 


J0950+3127NO.1 


J0950+3127NO.2 


3727 [O II] 


123.03 ± 8.83 


229.46 ± 33.20 


89.38 ± 2.61 


218.80 ± 26.29 


201.95 ± 15.29 


3835 H9 






5.25 ± 1.08 






3868 [Ne iii] 


20.75 ± 4.51 




35.78 ± 1.37 






3889 He I + H8 






19.42 ±1.24 






3968 [Ne iii] + H7 






26.84 ±1.31 






4101 H(5 


18.24 ± 3.27 




24.72 ±1.14 






4340 Hy 


53.99 ± 3.86 


46.42 ± 10.57 


48.28 ± 1.35 


41.93 ± 9.26 


50.94 ± 14.33 


4363 [O III] 


5.55 ± 1.19 




9.24 ± 0.54 




6.43 ± 2.79 


4471 He I 






3.34 ± 0.41 






4686 He ii 






4.01 ± 0.35 






4861 H/8 


100.00 ± 3.83 


100.00 ± 10.27 


100.00 ± 2.00 


100.00 ± 10.31 


100.00 ± 8.03 


4959 [0 III] 


77.09 ± 2.87 


33.17 ± 5.62 


136.64 ± 2.54 


42.80 ± 7.04 


66.52 ± 3.89 


5007 [0 III] 


222.73 ± 6.48 


108.25 ± 9.20 


407.46 ±7.15 


123.24 ± 11.23 


211.09 ± 8.90 


5876 He i 






10.23 ± 0.45 






6300 [O I] 






1.99 ± 0.24 






ojl2 \p IIIJ 






l.Do ± 0.24 






dj03 Hot 


no o 1 _i_ o on 
z/o.zl ± o.zy 


260.63 ± 21.60 


2/o.OU ± J.JKJ 


2o/.o/ ± 15. y 1 


IK 1 n _i_ 1 O A'^ 

2/5. ly ± 12.42 


6583 [N II] 


5.51 ± 0.59 


9.65 ± 2.70 


C Af^ /\ 

5.42 ± 0.28 




5.57 ± 1.44 


6678 He i 






2.77 ± 0.22 




4.61 ± 1.59 


6717 [S II] 


9.23 ± 0.73 


29.60 ± 4.02 


1 TO f\ An 

13.78 ± 0.42 




18.42 ± 2.00 




1 S -1- ft fiO 


91 ftQ -1- ^ '^/^i 


Q -1- ft '^4 

7.00 It U.J>f 




i 1 ,Z,0 It 1 ,ot 


7065 He i 






2.57 ± 0.20 






7136 [Ar III] 






5.81 ± 0.29 




7.94 ± 1.69 


9069 [S III] 




10.64 ± 4.02 


11.31 ±0.67 








0.240 


0.410 


0.040 


0.005 


0.140 




6.00 


3.22 


27.49 


1.44 


3.23 


EW(H^) 


37.1 


17.2 


197.4 


14.5 


124.6 


EW(abs) 


0.50 


0.35 


1.30 


0.65 


0.40 




DD068 No.2 


DD068 No.3 


J1056+3608NO.1 


J1056+3608NO.2 


J1056+3608NO.3 


3727 [O II] 


45.15 ± 2.06 


57.83 ± 2.59 


69.62 ± 6.07 


195.47 ± 10.60 


167.46 ± 8.84 


3868 [Ne iii] 


12.07 ± 0.97 


6.62 ± 0.89 


19.44 ±3.11 




27.97 ± 4.62 


3889 He I + H8 


17.47 ± 1.64 


19.81 ± 1.91 


20.44 ± 6.59 






3968 [Ne iii] + H7 


20.75 ± 1.53 


21.39 ± 1.78 


24.41 ± 4.72 
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Table 3. — Continued. 



Ion 


m/i(m) 




m/i(m) 


mmm 


mmm 


Galaxy 


4101 H<5 


26.31 ± 1.43 


28.39 ± 1.67 


27.61 ± 3.82 


27.85 ± 4.20 


27.11 ±5.30 


4340 Hy 


47.39 ± 1.59 


46.39 ± 1.70 


45.83 ± 2.46 


47.82 ± 3.91 


44.54 ± 3.70 


4363 [O III] 


3.50 ± 0.41 


2.28 ± 0.53 


8.20 ± 1.26 


6.73 ± 2.24 


5.97 ± 1.51 


4471 He I 






4.09 ±1.31 






4686 He II 


6.02 ± 0.39 










4861 HyS 


100.00 ± 2.10 


100.00 ± 2.30 


100.00 ± 3.53 


100.00 ± 4.45 


100.00 ± 4.25 


4959 [O III] 


45.02 ± 1.05 


27.37 ± 0.83 


67.83 ± 2.50 


47.00 ± 2.72 


55.18 ± 2.70 


5007 [O III] 


139.97 ± 2.69 


92.85 ± 2.03 


199.88 ± 5.67 


136.45 ± 5.18 


164.28 ± 5.75 


5876 He I 


3.01 ± 0.28 


6.80 ± 0.50 








6563 Ho- 


262.59 ± 5.14 


276.69 ± 5.77 


272.90 ± 7.87 


238.56 ± 8.68 


272.49 ± 9.46 


6583 [N II] 






2.98 ± 0.58 


8.60 ± 1.12 


6.61 ± 1.03 


6678 He I 


2.61 ± 0.23 


2.98 ± 0.25 


2.82 ± 0.61 






6717 [S II] 


5.83 ± 0.29 


4.31 ± 0.30 


4.75 ± 0.62 


16.72 ± 1.46 


13.97 ± 1.21 


6731 [S II] 


3.28 ± 0.26 


3.00 ± 0.27 


5.03 ± 0.62 


9.39 ± 1.35 


8.40 ± 1.00 


7065 He I 


2.49 ± 0.22 


3.17 ±0.27 








7136 [Arm] 


1.85 ±0.17 










am 


0.030 


0.005 


0.340 


0.000 


0.000 




32.35 


29.50 


4.56 


3.05 


4.48 


EW(H/3) 


191.6 


85.3 


134.4 


31.7 


32.5 


EW(abs) 


0.95 


1.55 


5.60 


0.00 


1.50 




Jl 109+2007 


J1119+0935NO.1 


J1119+0935NO.2 


J1119+0935NO.3 


J1121+3744N0.1 


3727 [O II] 


275.83 ± 11.86 


151.10 ±7.89 


156.59 ±4.31 


286.91 ± 35.82 


35.74 ± 22.87 


3868 [Ne III] 






17.91 ± 1.45 






3889 He I + H8 






18.35 ± 1.71 






3968 [Ne III] + H7 






15.58 ± 1.61 






4101 Hc5 






25.05 ± 1.51 






4340 Hy 


49.93 ± 3.46 


46.75 ± 3.80 


49.10 ± 1.70 


46.64 ± 9.23 




4363 [0 III] 


10.22 ±2.11 




3.89 ± 0.59 






4861 H/3 


100.00 ± 3.65 


100.00 ± 3.90 


100.00 ± 2.24 


100.00 ± 10.10 


100.00 ± 28.73 


4959 [0 III] 


69.97 ± 2.64 


73.12 ± 2.91 


78.35 ± 1.73 


19.19 ±4.59 


20.65 ± 10.06 


5007 [O III] 


226.23 ± 6.35 


223.44 ± 6.69 


236.37 ±4.54 


79.81 ± 8.12 


59.47 ± 15.83 


5876 He I 






7.68 ± 0.45 






6563 Ho- 


271.38 ± 7.84 


288.01 ± 8.88 


281.93 ±5.70 


146.79 ± 12.40 


287.90 ± 52.54 


6583 [N II] 


5.73 ± 0.84 


6.65 ± 0.87 


7.04 ± 0.34 


13.44 ± 2.39 




6678 He I 




4.25 ± 0.89 


2.50 ± 0.28 






6717 [S II] 


22.29 ± 1.23 


20.63 ± 1.29 


17.08 ± 0.53 






6731 [S II] 


15.43 ± 1.17 


14.81 ± 1.29 


11.97 ± 0.44 






7065 He I 




1.19 ± 0.57 


1.60 ±0.21 






7136 [Arm] 




2.58 ± 0.64 


3.47 ± 0.28 






9069 [S III] 




10.60 ±2.31 


10.96 ± 0.63 






am 


0.350 


0.055 


0.225 


0.280 


0.000 




9.04 


10.25 


21.94 


2.13 


0.94 


EW(H/3) 


22.6 


18.7 


57.6 


29.5 


8.9 


EW(abs) 


0.00 


1.05 


0.45 


1.15 


3.10 




Jl 146+4050 


J1226-0115NO.1 


J1226-0115NO.2 


J1235+2755N0.1 


J1235+2755N0.2 


3727 [O II] 


191.22 ± 13.38 


94.02 ± 1.91 


86.25 ± 1.77 


208.43 ±7.19 


188.91 ± 3.61 


3798 HIO 




5.65 ± 0.88 


4.00 ± 0.72 




4.27 ± 0.80 


3835 H9 




6.64 ± 0.85 


5.93 ± 0.72 




6.59 ± 0.83 


3868 [Ne III] 




44.14 ± 1.01 


35.23 ± 0.86 


23.36 ± 2.49 


32.24 ± 0.95 


3889 He I + H8 




17.86 ±0.83 


19.75 ± 0.76 


28.04 ± 3.84 


20.37 ± 0.98 


3968 [Ne III] + H7 




29.02 ± 0.89 


25.40 ± 0.78 


27.24 ± 3.56 


24.47 ± 0.92 


4101 H<5 




24.57 ± 0.79 


24.70 ± 0.70 


24.60 ± 2.52 


25.43 ± 0.83 


4340 Hy 


49.58 ± 5.61 


48.06 ± 0.95 


48.44 ± 0.92 


49.30 ± 2.41 


48.86 ± 1.00 


4363 [0 III] 




12.74 ± 0.40 


10.03 ± 0.33 


9.49 ± 1.50 


5.67 ± 0.33 


4471 He I 




3.78 ± 0.25 


3.73 ± 0.21 




3.18 ±0.24 


4686 He II 






1.33 ±0.17 






4711 [Ariv] + Hel 




2.03 ±0.19 


1.79 ±0.19 






4740 [Ar IV] 




0.98 ±0.15 


0.93 ±0.18 






4861 HyS 


100.00 ± 5.92 


100.00 ± 1.61 


100.00 ± 1.57 


100.00 ± 2.93 


100.00 ± 1.66 


4959 [0 III] 


36.42 ± 3.01 


184.60 ± 2.84 


168.09 ± 2.55 


75.53 ± 2.20 


114.40 ± 1.85 


5007 [0 III] 


123.56 ± 6.19 


559.52 ± 8.48 


513.06 ±7.69 


227.67 ± 5.46 


341.13 ± 5.32 


5876 He I 




11.66 ±0.26 


11.15 ±0.25 


8.45 ± 0.76 


10.10 ±0.30 


6300 [0 I] 




2.77 ±0.11 


2.04 ±0.10 




3.11 ±0.17 


6312 [S III] 




1.55 ±0.09 


1.70 ±0.10 




1.25 ±0.15 


6363 [0 I] 




1.09 ±0.09 






0.69 ±0.13 


6563 Ha 


288.24 ± 12.94 


278.39 ±4.57 


280.60 ± 4.56 


271.05 ± 6.82 


281.10 ±4.73 


6583 [N II] 


11.22 ± 1.68 


4.45 ±0.12 


5.04 ±0.13 


4.56 ± 0.44 


7.96 ± 0.21 


6678 He I 




3.16 ±0.11 


2.95 ±0.10 




2.89 ±0.13 


6717 [S II] 


21.27 ± 1.87 


10.31 ±0.21 


9.64 ±0.19 


13.05 ± 0.60 


13.31 ±0.29 


6731 [S II] 


13.49 ± 1.68 


6.82 ±0.16 


7.37 ±0.16 


9.21 ± 0.56 


9.09 ± 0.22 


7065 He I 




3.90 ±0.12 


2.35 ± 0.09 




2.15 ±0.12 


7136 [Arm] 


3.98 ± 1.49 


6.17 ±0.16 


5.30 ±0.13 




5.15 ±0.17 


9069 [S III] 




9.11 ±0.28 


9.34 ± 0.26 


7.73 ± 0.84 


12.49 ± 0.40 


am 


0.110 


0.130 


0.275 


0.105 


0.075 



Y. I. Izotov et al.: Hunting for exttemely metal-poor emission-line galaxies, Online Material p 5 

Table 3. — Continued. 



Ion 










KAVKUB) 








Galaxy 






r ynp) 


3.72 


71.45 


85 39 


16.35 


69 90 


J_i vv \nfJ ) 


17 9 


158.5 


149 2 


36.7 


129 8 




0.15 


1.55 


0.90 


1.40 


0.30 




T19'lSj_97S'^>Jn 3 


T1941 0340 

J 1 Z4 i -U J4U 
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1 S 1 A9 -I- A OA 
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JUZ.4J ± ly.iz 


1 QQ SQ -I- A S9 
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J lyo rllU 




A 19 -1- so 

4.jz ± u.jy 










7 Q J. _i_ 1 91 
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A 94 -4- so 

O.Z4 ± u. jy 






S 1 1 4. 9 19 
0. 1 J X Z.JZ 
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J 1 .oy ± 1 .uz 
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jy.jy ± O.U/ 
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10. /U X Z. lU 


jooy rle i + rlo 


7 1/11-1-111 

zm-i ± L.J I 


J 1 7/1 -1- (\ AO 

z 1 . /4 ± u.oy 


1 A 71 -u 7 A A 
iO.ZJ X Z.OU 




1 S O/l -1- 7 S7 

1 j.y4 ± z. J / 


jyoo [iNc IIIJ + ri/ 


lf\ 17-1- 1 17 
ZO. 1 / ± 1 . J / 


90 ifi _i_ n 79 
zy . ju ± \i. I z. 
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i 0. IZ X Z.oJ 




1 AA -1-9 91 

iy.4o X z.zi 


'fiUi rlO 


7Q 70 -1-1 11 

zy.zy ± 1 . 1 J 


77 SJ -1- (\ f^A 
Z / .oZ ± U.04 


77 OA -1- 7 S 1 
Z / .yo X Z.J i 


n /I s _i_ 7 1 1 
JZ.+o ± / . J 1 
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ZZ. /4 X Z.U4 




SI 7/1 -1- 1 in 
J J. /4 ± 1 . ju 


/IS so -1- n S7 

4o.oy ± U.o / 


AS 77 J. 9 SO 
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lUU.UU X 0. i J 
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iUU.UU X Z.Oo 


4yjy [vj luj 


i i j.4j ± z.UJ 


1 AC no -L o 
loo.Uo + z.jz 


/IO OO -1- 1 "71 

4y. zz ± i. / J 


OA -1- A T) 

J /.yo ± 4.ZZ 


^ 1 CC -1- 1 AO 

J i.oo ± i.OZ 


JUU / [VJ lllj 


1S7 1 A -1- s cs 
jjz. 10 ± J.OJ 


Sn7 1/1 -1-7/1/1 
jUZ. J4 ± / .44 


1 A1 AA J- A 9S 
101.40 ± 4.ZJ 


1 Al AA -u S AS 
IOj.04 ± o.Uj 


1 CO 09 . 1 70 
1 JO.oZ ± J. ly 


JO / o rlc 1 


11 AS -1- n 1Q 

1 1 .oj ± u. jy 


1 n /1 1 -1-0 70 

1U.41 ± U.ZZ 






A no -1- A SS 

o.uy ± U.Jo 


/i'lnA rn ti 


9 70 -1- 90 
Z. ly ± U.ZU 


9 7S -1- 11 
Z. / J ± U. 1 i 










1 41 + 15 


1 AO -L 1 1 
i .\jy i U. 1 i 








6363 rO Tl 


n CI -1- n ni 


1.09 ± 0.12 








6563 Ha 


279.89 ± 5.00 


278.97 ± 4.47 


278.44 ± 7.22 


276.43 ± 7.53 


279.53 ± 4.42 


65S3 TN iTl 


« «Q + n 26 


4.58 ± 0.1 1 


A OA -1- 65 




7.62 ± 0.49 


6^i7S T 

oo / o nc i 


9 S4 + 1 

Z. 04 X U. i y 


9 QS -1- 10 

Z. 70 X U. iU 


1 AS + SO 
J.OJ X u.jy 






6717 TTl 

U / I / [O llj 


M f ^ 1 + 3 S 
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1101 + SO 




6S + 61 
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9 AO + 2S 
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O.JT^ HI v_/. vj'-r 
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9 S4. + OS 
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71 36 FAr tttI 


5 91 +021 
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QOM r*s TTTl 


13 7S + 4R 


10 10 + 77 






10 30 + 1 15 


L-Vrip; 


0.220 


0.310 


055 


0.000 


0.000 




40.80 
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3.71 


16.61 


rz, vv ynfj ) 
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Lrf VY V "L'a / 
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0.25 
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1 AC AS -1-7/11 
iUo.Oj ± Z.4i 




aVCfj 141 9 

J / ju niz 
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J / Vo riiu 






A A/1 -1- 1 ns 
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i 1 . IZ X 1 .U4 
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D. i+ X i . i J 




is/^s rwo tttt 




77 71 -1- 7 1 

LI . 1 J ± z. ly 
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0U.4U ± 1 .J 1 


/1 7 sn _u 1 1 
4 / . ju X i . iy 




jooy ne i + rio 
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7 1 71 -L 1 nn 
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1 S OS -1-111 
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IQ/^S rWo Till j_ 147 
jyOo [iNc illj + 11/ 
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ZZ.o / ± L,i\j 
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JZ.OJ ± l.UO 


9S SO -1- 1 AS 

zo.jy ± l.Uo 




/in9/^ i4o 1 
4UZ0 He i 






7 nA -1- n 17 

Z.UO ± U.J / 






A^r^^ 14A 
^■iUi rlo 




90 AO -1-9 91 

zy .oy X z.z i 


9S 1 1 -1- 09 

zo. 1 J X u.yz 


90 SI A- 1 Al 

zy.jj X i.uj 




AiAr\ T_r,/ 
4j4U rly 


AA (\^ _i_ "7 nA 
44. Ul ± /.UU 


SI 7/1 _i_ 7 1Q 

ji.z4 ± z.jy 


/I A O 1 -1- 1 (\A 

4o.zi ± i.U4 


/IT OA -1- 1 nA 
4/.ZO ± i.Uo 




ro tttT 

4JDJ [U lllj 




11-1-1 OA 

y.ji ± 1.U4 


IS S/1 -1- n /I A 

lJ.o4 ± U.40 


1 1 01 -1- A /in 
1 1 .yj ± U.4U 




44 / i ne 1 






1 00 4- 1A 

j.yy X U.J4 


1 so -(- A 97 
D.oy X U.Z / 




400(5 »^ IV 








1 An -1- n 1 s 

i .UU X U. i J 




A^KQ FTJci tttT 
40jo yrc lllj 








1 nn _u n 1 s 

1 AR) X U. i J 




40o0 rle 11 








f 1 s s -u n 1 /I 

vJ.oo X U. 14 




/1711 rAi-T\7^1j_ 14*1 T 

4/11 [rtr 1 V J + rlc I 






1 1 1 -1- n 77 
J. i J ± u.z / 


7 n/1 -1- n 7n 

Z.U4 X U.ZU 




A'7Af\ r A 1- T\7l 
4 / 4U [/\r 1 V J 






1 A7 -1- 9A 
i .0 / ± U.Z4 


1 n7 -1- n 1 s 

I .u / ± U. i 




AQ^] 14/5 

4oDi np 


1 nn nn -i- a sn 
lUU.UU ± o.ju 


1 An nn j- 7 sa 

lUU.UU X z.jd 


1 nn nn -1- 1 7n 
lUU.UU ± 1 . /u 


1 nn nn -1- 1 aa 
lUU.UU ± 1 .00 




/1Q7 1 TJo. T 

HyZL ne i 








7 n/i -1- n 1 s 

Z.U4 ± U. 1 




/1QSQ rr^ tttt 
4yjy [u luj 


SI S4 -1- 4 9 1 
Jl.j4 ± 4.Z1 


O/l SA -1-9 17 

y4.jo ± z.i / 


7 1 A 11-1-1/11 
ZIO.IJ ± J.4i 


1 SS 1 S -1- 7 /I s 
1 Jo. lo ± Z.4j 




snn7 rr^ tttt 
jyjv 1 \\j uij 


1 Sft OS _i_ 7 OS 
IJO.Uo ± 1 .yJ 


9S1 Al -1- S AS 


AAS 07 -1- 1 n 1A 
ooj.y/ ± iu.jo 


/1A1 /lo -1- 7 ns 
40J.4y ± /.uj 




J / D nc I 






1 7S -1-0 7A 
lU.Zj X U.Z4 


1 A 1 7 -(- A 11 
lU. i / X U. J 1 




6300 rn Tl 






1 37 + 12 


1 Al -1- A 1 A 

1 .U J X \). LH' 




6312 [S III] 






1.18 ± 0.13 


1.06 ± 0.14 




6563 Ha 


288.00 ± 14.22 


274.79 ±5.91 


277.75 ± 4.70 


277.23 ± 4.58 




6583 [N II] 


6.19 ± 1.59 


3.11 ±0.44 


2.19 ±0.13 


2.12 ±0.11 




6678 He I 




2.13 ±0.35 


2.55 ±0.13 


2.79 ±0.16 




6717 [S II] 


12.55 ± 2.26 


8.45 ±0.51 


5.29 ±0.15 


7.25 ± 0.20 




6731 [S II] 


10.75 ± 2.07 


6.09 ± 0.49 


3.66 ±0.17 


4.78 ±0.17 




7065 He I 




1.85 ± 0.37 


3.89 ±0.13 


1.97 ±0.11 




7136 [Arm] 




3.43 ± 0.47 


4.38 ±0.15 


3.87 ±0.13 




9069 [S III] 




8.34 ± 0.82 


10.20 ± 0.39 


5.63 ± 0.25 




cim 


0.070 


0.180 


0.105 


0.115 






5.09 


18.65 


90.23 


314.30 




EW(I^) 


9.1 


46.4 


201.8 


69.6 




EW(abs) 


0.80 


0.15 


1.55 


0.10 





^ In 10"^" erg s~'cm~- 
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Table 4. Emission line intensities in low-resolution MMT spectta 



Ion 






/(,l)//(H/5') 


/(,I)//(HA') 


/(.l)//(H/3) 








Galaxy 








11016+3754 


J1016+5823NO.1 


11016+5823NO.2 


J1016+5823NO.3 


J 1044+0353 


3727 [0 II] 


62.50 ± 1.26 


114.63 ± 2.03 


134.53 ± 5.63 


104.00 ± 2.04 


32.64 ± 0.70 


3750 H12 


3.14 ±0.76 


2.61 ± 0.63 




3.00 ± 0.83 


3.07 ± 0.37 


3771 HU 


3.81 ± 0.82 


2.93 ± 0.58 




3.30 ± 0.79 


3.95 ± 0.38 


3798 HIO 


4.19 ± 0.67 


4.07 ± 0.52 




4.44 ± 0.76 


5.38 ± 0.36 


3820 He i 




1.09 ± 0.35 








3835 H9 


6.35 ± 0.59 


5.83 ± 0.52 




6.17 ±0.76 


7.12 ± 0.36 


3868 [Ne iii] 


39.33 ± 0.70 


34.98 ± 0.67 


17.61 ± 1.67 


34.66 ± 0.77 


36.66 ± 0.63 


3889 He 1 + H8 


19.06 ± 0.61 


18.79 ± 0.59 


22.58 ± 3.30 


19.87 ± 0.82 


19.98 ± 0.46 


3968 [Ne iii] + H7 


26.04 ± 0.64 


25.39 ± 0.62 


19.69 ± 2.12 


26.44 ± 0.79 


26.85 ± 0.52 


4026 He i 


1.50 ±0.18 


1.45 ± 0.20 




1.42 ± 0.22 


1.76 ± 0.08 


4068 [S II] 




1.62 ± 0.18 






0.46 ±0.10 


4101 H(5 


25.47 ± 0.58 


24.81 ± 0.59 


27.65 ± 1.94 


27.27 ± 0.76 


26.53 ± 0.49 


4340 Hy 


47.84 ± 0.80 


48.07 ± 0.83 


41.82 ± 1.67 


49.45 ± 0.93 


47.39 ± 0.75 


4363 [O III] 


12.01 ± 0.25 


8.42 ± 0.22 


4.70 ± 0.73 


9.99 ± 0.28 


14.25 ± 0.26 


4387 He I 










0.27 ± 0.07 


4471 He I 


3.43 ± 0.16 


3.46 ± 0.17 




3.52 ± 0.23 


3.71 ±0.13 


4658 [Fe iii] 


1.10 ± 0.15 


0.73 ± 0.14 




0.97 ± 0.19 




4686 He ii 


3.02 ±0.18 


1.19 ± 0.16 




0.77 ± 0.16 


2.05 ± 0.10 


4711 [At IV] + He I 


2.07 ± 0.18 


0.89 ± 0.13 




1.28 ± 0.18 


2.09 ±0.10 


4740 [At iv] 


1.36 ±0.15 








1.08 ± 0.08 


4861 Hfi 


100.00 ± 1.49 


100.00 ± 1.52 


100.00 ± 2.43 


100.00 ± 1.56 


100.00 ± 1.47 


4921 He I 


0.88 ±0.10 


0.79 ±0.11 




1.27 ± 0.16 


1.00 ± 0.08 


4959 [O III] 


157.15 ± 2.30 


138.19 ± 2.05 


80.35 ± 1.89 


135.33 ± 2.04 


144.12 ± 2.10 


4988 [Fe iii] 




0.85 ± 0.08 




1.33 ± 0.13 




5007 [O III] 


468.92 ± 6.83 


409.76 ± 6.01 


235.76 ± 4.86 


397.74 ± 5.91 


426.01 ±6.17 


5199 [Ni] 


0.34 ± 0.07 


0.71 ± 0.10 








5876 He i 


9.73 ± 0.22 


9.18 ± 0.22 


9.37 ± 0.57 


8.73 ± 0.25 


9.64 ±0.18 


6300 [O I] 


1.36 ± 0.11 


2.32 ± 0.13 




1.79 ± 0.19 


1.05 ± 0.08 


6312 [S III] 


1.52 ± 0.11 


1.40 ± 0.12 




0.79 ±0.15 


0.79 ± 0.08 


6363 [0 1] 


0.62 ±0.11 


0.84 ±0.11 




0.69 ± 0.17 


0.34 ± 0.08 


6563 Ha 


277.14 ± 4.39 


O/irin 1 IOC 
24U.3J ± 3.o5 


OO 1 A A 1 a '^A 

261.44 ± 6.24 


OT 1 A AO 

Zib.Ql ± 4.45 


± 4.33 


OJQO [JN IIJ 


Z.ZO ± U.14 


l.yj ± U.lj 


D.41 ± U.44 


2.4 J ± U.lo 


c\ on _i_ c\ f\Q 

u.yy ± u.UiS 


6678 He i 


2.59 ± 0.14 


2.68 ± 0.17 




2.55 ± 0.20 


2.70 ±0.11 


6717 [S II] 


4.77 ± 0.16 


8.84 ± 0.22 


18.07 ± 0.75 


8.26 ± 0.27 


2.61 ± 0.10 


6731 [5) II] 


3.61 ± 0.15 


5.96 ± 0.19 


11.79 ± 0.65 


4.96 ± 0.22 


2.03 ± 0.07 


7065 He i 


2.52 ± 0.16 


1.50 ± 0.14 




1.80 ± 0.26 


3.04 ± 0.12 


7136 [Ar III] 


3.83 ± 0.18 


3.13 ± 0.18 




2.98 ± 0.26 


2.28 ±0.11 


7320 [O II] 










0.56 ± 0.06 


7330 [O II] 










0.57 ± 0.07 


C(Uj3) 


0.115 


0.000 


0.440 


0.020 


0.150 




248.60 


103.70 


9.15 


71.09 


136.70 


b.W{Hp) 


96.3 


125.8 


102.6 


169.4 


257.5 


EW(abs) 


0.80 


0.35 


5.85 


0.15 


0.30 




J1119+5130 


J1132+5722N0.1 


J1132+5722N0.2 


J1132+5722N0.3 


Jl 154+4636 


3727 [O II] 


101.26 ± 2.34 


110.67 ±2.37 


139.99 ± 4.00 


144.75 ± 7.42 


137.76 ± 3.12 


3835 H9 










8.37 ± 1.31 


3868 [Ne iii] 


25.33 ± 0.88 


17.80 ± 0.62 


20.46 ± 1.12 


30.55 ± 2.71 


35.63 ± 0.97 


3889 He I + H8 


21.32 ± 1.94 


18.55 ± 0.85 


20.98 ± 2.04 


14.21 ± 4.08 


20.95 ± 1.07 


3968 [Ne iii] + H7 


23.13 ± 1.45 


18.89 ± 0.81 


20.72 ± 2.17 


12.98 ± 3.19 


23.58 ± 1.02 


4101 H(5 


27.30 ± 1.22 


25.38 ± 0.72 


26.45 ± 1.52 


24.57 ± 2.75 


26.78 ± 0.87 


4340 Hy 


48.39 ± 1.06 


47.67 ± 0.90 


46.32 ±1.31 


47.23 ± 2.39 


46.73 ±1.01 


4363 [O III] 


6.75 ± 0.35 


4.55 ± 0.30 


6.23 ± 0.47 


10.06 ± 1.23 


7.68 ± 0.39 


4471 He I 


1.50 ± 0.30 


3.29 ± 0.25 


1.64 ± 0.39 




3.30 ± 0.31 


4658 [Fe iii] 










1.56 ± 0.25 


4686 He ii 


1.76 ± 0.25 


1.52 ± 0.23 






2.52 ± 0.28 


4861 Bfi 


100.00 ± 1.73 


100.00 ± 1.61 


100.00 ± 1.95 


100.00 ± 2.86 


100.00 ± 1.67 


4921 He I 










1.02 ± 0.19 


4959 [0 III] 


91.24 ± 1.56 


69.79 ± 1.13 


111.83 ± 2.08 


138.02 ± 3.39 


128.58 ± 2.06 


4988 [Fe iii] 


1.05 ± 0.20 


1.41 ± 0.15 






2.34 ± 0.30 


5UU / [U III] 


26/. 33 ± 4.iy 


209.51 ± 3. 2d 


■2n ^1 _L c no 
33/. 53 ± 5.9o 


4I4.UI ± y.lb 


3o2.U9 ± 5.95 


5876 He I 


9.96 ± 0.34 


10.05 ± 0.29 


9.40 ± 0.50 


12.42 ± 1.16 


9.52 ± 0.39 


6300 [O I] 


1.37 ±0.26 


4.24 ± 0.22 


3.14 ±0.37 




2.63 ± 0.26 


6312 [S III] 


1.02 ±0.32 


1.10 ±0.17 


1.38 ±0.29 




1.91 ±0.24 


6363 [0 I] 


1.12 ±0.02 


1.30 ±0.19 






0.97 ± 0.23 


6563 Ho- 


276.84 ± 4.94 


279.00 ± 4.70 


281.00 ±5.45 


278.34 ± 6.92 


279.28 ± 4.76 


6583 [N II] 


2.86 ± 0.27 


3.89 ± 0.26 


7.75 ± 0.46 


6.46 ± 1.15 


7.69 ± 0.38 


6678 He I 


2.25 ± 0.28 


2.85 ± 0.23 


2.94 ± 0.40 


5.74 ± 1.27 


2.72 ± 0.34 


6717 [S II] 


7.30 ± 0.37 


12.89 ± 0.34 


16.95 ± 0.60 


15.87 ± 1.20 


16.71 ±0.50 


6731 [S II] 


5.84 ± 0.35 


10.31 ±0.30 


11.65 ±0.53 


9.79 ± 1.19 


12.89 ± 0.49 


7065 He I 


2.60 ± 0.22 


2.39 ± 0.25 


1.40 ±0.45 




1.71 ±0.34 


7136 [Arm] 


1.91 ± 0.27 


2.65 ± 0.28 


4.71 ± 0.44 




4.44 ± 0.36 


7320 [O II] 




1.44 ±0.18 


2.53 ± 0.45 
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Table 4. — Continued. 
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7(X\IJ(V{ff\ 
i\A.)ii\np} 








Galaxy 






i^'^n rn tti 






2 28 + 44 








025 


140 


0.245 


235 


060 




81.29 


47 54 


19.41 


6.11 


43.26 


1-1 VV \nfj ) 


30.4 


81 8 


41.0 


22 3 


89 7 
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0.85 
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lOo.UZ ± J.40 


900 OS a. 1 9ft 
ZXjKj.yjJ ± J.ZO 
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D.JJ ± u.jy 
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1 /.jO ± U.JO 
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1 /. /o ± u.yo 


1 s 7s -1- n so 

lo. /o ± U.jZ 


JVOo [iNe lUJ + rl/ 


ZU.oU ± U. /4 


11 01 -1- n Al 
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Zj.jZ ± U.j!5 


OS Al -1- n OA 

ZD. 01 ± U.yo 
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A7 77 -1- 7Q 
^ 1 . 1 1 ± U. / V 
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A7 1 S -1- 7ft 
4/.1J ± U. /O 


4j0j [U lllj 


o.ui ± u.zy 


1 Qn -1- n OS 
iz. yu ± u.zo 
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o.o4 ± u. ly 


7 1Q -1- n 1A 

/.jy ± U.JO 
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J. 4/ ± U. 1 J 
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J.4Z ± u.z/ 
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j.ZU ± U.l / 
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1 OS -I. n 1 9 
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^S -1- 1 
U.Jo ± U.lJ 




ftO -1- 00 


40o0 rie 11 




1 ni -1- n no 
1 .uj ± u.uy 


SA -4. 1 
U.o4 ± U.iJ 
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1 . JJ ± u. 1 1 


n A^ -1- n in 






4 /4U [/\r 1 V J 
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1 .zj ± u. 1 1 
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lUU.UU ± l.D / 


1 nn nn -i- i ^o 
lUU.UU ± I.jZ 
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SI -t- 1 
U.OJ ± U.iJ 
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07 01 J. 1 17 


1 so 11-1-0 SI 

1 oy. 1 1 ± z.oj 


1 99 AA -1- 1 78 
1ZZ.44 ± 1. /o 


1 A8 8ft -1- 9 IS 
140. oD ± Z.jj 


1 Oft S9 -u 1 SS 
lUO.jZ ± l.jj 


4yoo [r^c lUJ 




1 11 -I- n 1 1 








^nm vr\ ttti 

jUU / [KJ UIJ 


zoz.jD ± j.yo 


CC7 71 J. Q on 


1A8 81 -1- ^ 19 


AA7 OA -1- ft 09 

44 / .y4 ± o.yz 


11 8 17 -1- A ftl 
JlO.J / ± 4.01 


jiyy [IN ij 










so -1- OS 

u.jy ± U.Uo 


1 [f^] TTl 1 

Jj 1 o [L,l lUJ 




An -1-0 01 

U.OU ± U.Ul 








JjJo [L.1 UIJ 




07 -1- on 
u.z / ± u.uu 








Jo /O rie 1 




loss -1- 0'^ 
lU.oo ± U.Zj 


AS -1- 1 

y.oo ± U.Zl 


18 -1-0 98 

y.io ± u.zo 


Q on -1- n on 
y.yu ± u.zu 


OjUU [u ij 




00 -1- 1 1 
Z.UZ ± U.l J 


1 11 -1- 1 1 
J. 1 1 ± U. 1 J 


9 9ft -1- 9n 
z.zo ± u.zu 


77 -1- n 1 1 
z. / / ± u. 1 1 


OjIZ [O UIJ 


1 97 4- n 91 

l.Z / ± U.Zj 


1 IS -1- 1 9 
I.Jo ± U. IZ 


1 07 -1- 1 n 

1 .Z / ± U. lU 


1 fts 4- n iQ 


1 A 1 -1- f M 
1 .4 1 ± U. lU 
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U.4j ± U. lU 
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u.yo ± u. 1 1 
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Z / o.OZ ± 4. J / 
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Zo 1 .VO ± 4. /D 
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ZoU.yZ ± 4.4Z 


6583 FN TTl 
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4.96 ± 0.19 


5.94 ± 0.16 


5.20 ± 0.23 


7.36 ± 0.17 


6678 He I 


2.91 ± 0.24 


2.96 ± 0.17 


2.81 ± 0.15 


2.69 ± 0.22 


2.78 ±0.13 


6717 rS Til 

vj / 1 / Lo lij 


fj 01 + 25 


8.51 ± 0.22 


1 3 84 + 97 


11 Q8 + 34 

1 1.^0 i xJ.J^ 


14.75 ± 0.27 


67'^1 rS TTl 
U / J i l^O llj 


4 20 + 24 


6 OA + 1 
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Q 1 3 + 30 
^. 1 J X U. JU 
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7(165 Np t 


9 39 + 30 
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1 60 + n 1 s 
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Z,.U-7 X U.Z,J 


1 87 + 13 


71 "56 TAr ml 
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3 90 + n 96 


4 86 + n 1 Q 


s (17 + n 1 q 


5 45 + n 9Q 


5.40 ± 0.19 


79 Rl Np t 

/ Z.0 1 mc 1 










1 00 + 1 3 

1 .\J\J X V7. 1 J 


i^in rn tti 

/ wj 11 J 








1 66 + n 20 
i .uu X u.^u 


2 73 + 12 


7130 rn TTl 








1 m + n 21 

i-.\^J ^ V/.i-l 


9 38 -1- 1 1 




180 


145 


0.085 


235 


0.090 




72.00 


154.80 


260.10 


71 57 


274.00 


FWfH/?1 

J-j VV JyLJ f 


84.1 


110.9 


78.8 


75.2 


151.7 


L, VV l^tlU?> ) 


1.00 


2.00 


0.00 


1 70 


0.90 




J lZ4oT-4oZJ 


T 1 197-uAn99 
J 1 JZ / -r4UZZ 


T1 111-1-41 SI 
J 1 JJ l-r41 Jl 


Tl ISS-i-AftSl 
J 1 JJ Ji-40J 1 


Tl A08-1-1S9S 
J lOUo+JJZo 


J 1 A 1 \\J UJ 


SO QC -1- 1 /1A 
oZ.oo ± 1.40 


/17 SS -1- 1 10 
4 / .00 ± 1 . IZ 


70 OS -1- 1 18 
/U-Uj ± l.lo 


OS nn -1- n 7 a 
Zo.UU ± u. /o 


OS 7/1 -1- 1 no 
Zo. /4 ± 1 .uy 


17^n tTI 

J / jU rliz 


^ -1- 1 in 
J.yD ± I. LU 


A 7S -u n 7^ 
4. / ± U. / J 


1 1A -1- n 1A 

J.J4 ± U.J4 


1 1A -J- n AA 
J.J4 ± U.04 


OS/1 -1- SS 
Z.j4 ± u.oo 


Jill rll 1 


D.JO ± u.yi 


A QA -1- n 71 
4.o4 ± U. / 1 


1 /17 -1- n 10 

J. 4 / ± U. jZ 


A 97 -1- n Al 
4.Z / ± U.OJ 


S so -I- 81 

j.jy ± U.OJ 


^7Qy U 1 n 

J / Vo n lu 


7 -I- n QQ 

/.dj ± u.oy 


c Aft -I- O 79 
J.4D ± U. /Z 


s on -1- n 11 

J.ZU ± U.Jl 


ft 1 8 -L n fto 

O.lo ± U.OU 


A ftQ _i_ n 7S 
D.Do ± U. / J 


JcSZvJ rie 1 


1 HQ -u 00 




1 nn -1- n 1 7 
i .uu ± U. i / 






JftJ3 riy 


o.Dl ± U. /U 


S OQ -1- n 7^ 

o.zy ± u. /j 


A so -1- n 10 
D.oZ ± U.jZ 


7 AA -L n A/1 

/.DO ± U.D4 


s sn -1- n 70 
o.oU ± U. /Z 


JoOo [iNe lUJ 


/1 7 17 -u n Q/l 
^ 1 .3 1 ± U.o4 


/10 /II -1- n SI 

4Z.4J ± U.oJ 


A S 7A -I- n 7/1 
4j. /O ± U. /4 


A s 77 -1- n 01 
4o. 1 1 ± u.yj 


7S 01 -1- 1 /lO 

/j.zi ± i.4y 


joov ne 1 + no 


on 79 n '^^i 
ZVJ. 1 Z. ± U.JO 


1 Q 77 -L 7S 
ly. / / ± U. / J 


1 Q SS -(- Al 
ly.oo ± U.4J 


90 Al -1- ftft 
ZU.41 ± U.DD 


99 so -1- Sft 
ZZ. oU ± U.oD 


jyoo [iNe UIJ + rl / 


jU. J 1 ± U.uj 


OS S/1 J. n 7^ 


in 01 -1- n S/1 

JU.ZI ± U.j4 


in Oft 4. n 71 
ju.yo ± u. / J 


/II 71 -i- 1 nn 

41 . / 1 ± 1 .uu 


4UZD rie 1 


1 AS -u n 1 Q 
i .Do ± vj. iy 


1 87 -I- n 91 
1.0 / ± U.Zl 


1 77 -1- n 1 n 
1. / / ± U. lU 


9 91 -1- n 9ft 
z.zj ± u.zo 


9 ftO -1- 1A 

z.oy ± u. j4 


4068 [S II] 


1.40 ± 0.18 




1.11 ±0.11 






4101 H(5 


26.60 ± 0.56 


26.48 ± 0.69 


26.93 ± 0.49 


27.26 ± 0.68 


29.05 ± 0.78 


4340 Hy 


47.17 ±0.80 


49.30 ± 0.92 


49.22 ± 0.76 


48.74 ± 0.88 


48.10 ±0.98 


4363 [O III] 


12.87 ± 0.28 


13.35 ± 0.32 


14.02 ± 0.24 


19.51 ± 0.41 


21.44 ± 0.53 


4387 He I 






0.60 ± 0.08 






4471 He I 


3.39 ±0.18 


3.74 ±0.18 


3.86 ±0.12 


3.50 ± 0.24 


3.76 ± 0.25 


4658 [Fe III] 


0.65 ±0.12 


1.25 ±0.15 


0.81 ±0.11 






4686 He II 


1.74 ±0.14 


4.11 ±0.19 


1.95 ±0.10 


2.30 ±0.18 


2.72 ± 0.22 


4711 [ArlV] +Hel 


1.61 ±0.12 


2.28 ±0.17 


2.19 ±0.10 


3.40 ±0.18 


4.68 ± 0.24 


4740 [Ar IV] 


0.93 ±0.10 


1.53 ±0.17 


1.50 ±0.10 


2.76 ±0.17 


3.25 ± 0.23 


4861 Yifi 


100.00 ± 1.53 


100.00 ± 1.56 


100.00 ± 1.46 


100.00 ± 1.57 


100.00 ± 1.67 


4921 He I 


1.00 ±0.12 


1.29 ±0.14 


1.03 ±0.08 


1.78 ±0.18 


1.33 ±0.17 


4959 [0 III] 


192.98 ± 2.90 


181.08 ±2.72 


182.78 ±2.64 


198.21 ± 3.02 


261.97 ±4.13 
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Table 4. — Continued. 
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J Z'+.JU ± O.Jo 
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J ju.^y ± / .0 / 
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J4j.yj ± /.OD 
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JV i . jU ± 0.00 


IQA HQ ^ 1 1 y 
/ O^.Uy ± iz. io 


jivy [IN ij 


U.oZ ± U. 14 










Jo /O rie 1 


lU.JJ ± U.Zj 


1^^ 1^ j-HT^^ 
lU. i J ± U.ZD 


1 n A- (\ 10 


Q 1 9 -1- 11 
y.jz ± u.ji 


il.Uj ± V.JO 


DjUU [U iJ 


1 ("^ -1- ^"1 1 1 


1 9/1 -L n 1 ^ 

i .Z4 ± U. 1 J 


17 1 -I- n ns 


1 .U4 ± U. i 






1 ^1 -1- n 1 1 

i .J J ± U. i i 


1 SI -1- n 1 ^ 
i.oj ± U. 1 J 


1 AS -1- n ns 

i.Oo ± U.Uo 


n s/i -1- n 1 ^ 

U.o4 ± U. 1 J 






n Qi -1- n 1/1 

U.oJ ± U. 14 




n 7A -1- f\ ns 

U. /U ± U.Uo 








970 -(- zl '^A 
Z / 0. J J ± 4-. J^-t 


977 -1- A '^ 1 
Z / / .UJ ± 4-. J i 


977 1 S -1- A 

Z / / . i ± 4-. J*+ 


97'! QO -i- A 


970 9S -t- A 78 
Z / o.Z J ± ^. / 


6583 [N II] 


3.11 ± 0.18 


2.65 ± 0.20 


2.49 ± 0.09 


1.25 ± 0.24 


0.80 ± 0.19 


6678 He I 


2.42 ± 0.20 


2.72 ± 0.20 


2.76 ±0.10 


3.15 ±0.35 


2.78 ± 0.32 


6717 [S II] 


6.97 ± 0.21 


5.30 ± 0.22 


6.31 ±0.14 


3.38 ± 0.29 


1.71 ±0.26 


6731 [S II] 


5.13 ±0.19 


3.86 ± 0.21 


4.59 ±0.12 


1.51 ±0.21 


1.87 ±0.26 


7065 He I 


2.11 ±0.18 


2.76 ± 0.25 


2.42 ±0.10 


2.72 ± 0.29 


2.61 ± 0.30 


7136 [Arm] 


5.94 ± 0.20 


4.98 ± 0.28 


4.93 ±0.14 


3.25 ± 0.29 


2.66 ± 0.29 


7281 He I 






0.45 ± 0.06 






7320 [O II] 


0.94 ±0.12 




0.78 ± 0.07 






7330 [O II] 


0.68 ±0.10 




0.75 ± 0.06 






CiW) 


0.125 


0.060 


0.135 


0.070 


0.440 


FiWf 


77.84 


59.91 


280.80 


48.28 


29.84 


EW(I^) 


114.5 


220.9 


177.6 


353.5 


367.5 


EW(abs) 


3.10 


0.55 


0.55 


1.55 


1.00 



In 10 erg s 'cm ^ 



Y. I. Izotov et al.: Hunting for exttemely metal-poor emission-line galaxies, Online Material p 9 
Table 5. Emission line intensities in medium-resolution MMT spectra 



Ion 


/(-l)//(H/3'l 


/(.l)//(H/j) 


/(,!)//( H/i) 


/(.l)//(H/j) 


/(.ll//(H/3) 








Galaxy 








J081()+1837 


J0833+2508 No.l 


J0833+2508 No. 2 


J0931+2717 No.l 


J0931+2717 No. 2 


3727 [O II] 


333.47 ± 19.68 


215.86 ± 4.70 


247.67 ± 11.39 


222.07 ± 10.10 


239.73 ± 10.47 


3835 H9 




9.13 ± 1.41 








3868 [Ne iii] 


26.50 ± 4.32 


22.93 ± 1.15 


31.27 ± 4.11 


12.55 ± 2.46 


13.68 ± 2.84 


OOOr\ TT^ ■ TTO 

3889 He I + H8 




20.06 ± 1.3a 


O 1 Of\ . A O A 

21.80 ± 4.84 




23.72 ± 7.27 


396© [JNe IIIJ + 11/ 




01 f\A _i_ 1 
Zi.U4 ± 






18.U1 ± 0.00 


4101 H(5 


30.93 ± 5.14 


C 1 A/\ 

25.50 ± 1.40 


20.12 ± 3.81 


33.94 ± 5.02 


T> A A ^ 

33.87 ± 4.46 


4340 Hy 


52.07 ± 5.28 


47.65 ± 1.50 


41.62 ± 3.73 


45.77 ± 4.31 


48.50 ± 3.79 


4363 [O III] 


4.38 ± 2.49 


6.00 ± 0.66 


7.32 ± 2.17 






4471 He I 




3.08 ± 0.67 








4861 Hj3 


100.00 ± 7.16 


100.00 ± 2.21 


100.00 ± 4.97 


100.00 ± 4.95 


100.00 ± 4.78 


4959 [O III] 


79.84 ± 5.77 


98.41 ± 2.11 


67.35 ± 3.61 


A''> tZ A • (M 

43.64 ± 2.91 


51.96 ± 3.23 


5007 [O III] 


245.45 ± 13.26 


119.61 ± 5.35 


195.76 ± 7.77 


1 AO ^ A f 

148.64 ± 6.26 


1^1 f c\o 

171.50 ± 6.88 


CiW) 


0.000 


0.000 


0.095 


0.000 


0.000 




1.63 


11.43 


2.54 


2.77 


2.90 


EW(H/?) 


8.4 


45.4 


24.7 


16.5 


18.2 


EW(abs) 


2.00 


1 . 10 


0.60 


2.00 


2.00 




DD068 No.3 


DD068 No.4 


J1057+1358 No.l 


J1121+3744 No.l 


J1231+4205 


3727 [O II] 


50.62 ± 1.04 


94.10 ± 1.70 


167.37 ± 12.83 


85.87 ± 9.69 


217.62 ± 4.75 


3750 H12 


1.57 ± 0.43 










3771 Hll 


2.33 ± 0.48 










3798 HIO 


2.92 ± 0.43 










3835 H9 


6.23 ± 0.51 


6.92 ± 1.84 








3868 [Ne iii] 


10.07 ± 0.40 


6.60 ± 0.56 






19.64 ± 1.00 


OOOr\ TT^ ■ TTO 

3889 He I + H8 


uJ4 ± 0.62 


10 11 1 '^r» 

18.13 ± 1.20 






11 .1 T7 

23.11 ± 1.37 


Ort^O r\.T~ ml ■ TTT 

3968 [JNe IIIJ + H7 


16.35 ± 0.59 


1 C 1 111 

15.72 ± 1.13 






\Q AO 1 1 T7 

lis.45 ± 1.27 


4101 H5 


26.73 ± 0.68 


25.56 ±1.14 


29.63 ± 18.20 




25.52 ± 1.32 


4340 Hy 


A^\ A /\ ^\Cl 

49.34 ± 0.98 


47.71 ± 1.27 


Ai\ 1/^ 

49.33 ± 12.01 


A ^ r\ 1 1 1 o 

46.79 ± 11.18 


A^ 1 Cf^ 

47.20 ± 1.52 


4363 [O III] 


2.82 ± 0.25 


1.64 ± 0.38 






A e ^ (\ A ^ 

4.56 ± 0.46 


4471 He I 


3.28 ± 0.25 


1.38 ± 0.33 








4861 1^8 


100.00 ± 1.70 


100.00 ± 1.95 


100.00 ± 8.43 


100.00 ± 10.98 


100.00 ± 2.22 


4959 [O III] 


39.56 ± 0.71 


23.79 ± 0.72 


16.67 ± 4.03 


A 1 ^ />0 

41.67 ± 6.28 


72.33 ± 1.62 


5007 [O III] 


115.29 ± 1.84 


^o 1 1 yir» 

68.36 ± 1.40 


-t ^ A . C TO 

61.64 ± 5.78 


120.02 ± 10.13 


1 1 zTO 1 d 1 r» 

211.63 ± 4.10 




0.000 


0.000 


0.000 


0.000 


0.190 




21.91 


9.20 


2.48 


1.63 


11.09 


hW(H/5) 


15.7 


36.0 


8.7 


8.4 


65.7 


EW(abs) 


0.00 


0.80 


2.00 


2.00 


0.55 




J0834+5905 


J0959+4626 








3727 [O II] 


133.11 ±4.64 


265.84 ± 7.83 








3750 H12 












3771 Hll 












3798 HIO 












3835 H9 




7.94 ± 2.35 








3868 [Ne iii] 


17.03 ± 2.40 


16.41 ± 2.60 








"2000 XJa t I XJO 

3oo9 He I + Ho 


19. 2U ± 3.32 


1 /.y4 ± Z.oz 








3968 [Ne iii] + H7 












4101 H(5 


21.06 ±3.31 


29.73 ± 2.72 








4340 Hy 


47.70 ± 2.57 


45.50 ± 2.46 








4363 [O III] 


6.26 ± 1.19 










4471 He I 












4861 US 


100.00 ± 3.45 


100.00 ± 3.19 








4959 [O III] 


57.00 ± 2.58 


46.00 ± 1.80 








5007 [O III] 


164.13 ±4.76 


131.71 ±3.56 








C(m 


0.010 
4.27 


0.265 
6.88 








EW(H/i) 
EW(abs) 


28.3 
0.90 


57.0 
0.00 









" In 10"'^ erg s"'cm'^ 
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Table 6. Ionic and total heavy element abundances derived from 3.5m APO spectra 









GakLxy 






Property 


J0113+0052NO.1'' 


J0113+0052NO.2'' 


J0113+0052NO.3'' 


J0113+0052NO.4'' 


J0138+0020'' 


re(Olll)(K) 
re(Oll)(K) 
re(S III)(K) 


22427 ± 3086 
16379 ± 1904 
20314 ±2561 


19102 ± 1032 
16103 ± 778 
17555 ± 857 


26186 ± 3779 
15387 ± 1375 
23435 ± 3136 


19007 ± 1010 
16079 ± 764 
17476 ± 838 


17131 ± 1110 
15427 ± 1343 
15919 ±922 


o++m+ (xio") 

0+++/H+ (xlO*") 
O/H (xlO") 
12 + log(0/H) 


0.058 ± 0.017 
0.085 ± 0.025 

0.142 ±0.030 
7.153 ±0.093 


0.146 ±0.020 
0.063 ± 0.008 

0.209 ± 0.021 
7.320 ± 0.044 


0.128 ±0.030 
0.071 ± 0.021 

0.199 ±0.037 
7.300 ± 0.081 


0.062 ± 0.008 
0.121 ±0.015 

0.183 ±0.017 
7.263 ±0.041 


0.187 ±0.049 
0.144 ±0.025 

0.331 ±0.055 
7.519 ±0.073 


N+/H+ (xlO") 
ICF 

log(N/0) 




0.485 ± 0.064 
1.364 
-1.500 ±0.075 




0.228 ± 0.027 
2.960 
-1.434 ±0.066 




Ne++/H+ (xlO^) 
ICF 

Iog(Ne/0) 


0.233 ± 0.070 
1.158 
-0.722 ±0.211 










S+/H+ (xlO^) 




0.294 ± 0.026 


0.213 ± 0.030 







S++/H+ (xlO*) 
ICF 

log(S/0) 

C1++/H+ (xlO^) 
ICF 

log(Cl/0) 

Ar++/H+ (xlO^) 
Ar+++/H+ (xlO') 
ICF 

Iog(Ar/0) 

Fe++/H+(xl0*')(4658) 
Fe++/H+(xl0*)(4988) 
ICF 

log(Fe/0) (/14658) 
log(Fe/0) (4988) 



Property 


J0834+5905NO.1'' 


J0834+5905NO.2'' 


10843+4025* 


J0851+8416° 


J0906+2528No.l" 


re(Olll)(K) 
re(Oll)(K) 
re(SlIl)(K) 


17777 ± 1017 
15691 ± 1242 
16455 ± 844 


18422 ± 1068 
15913 ± 1318 
16990 ± 886 


16763 ± 1018 
15259 ± 1224 
15613 ± 845 


15138 ±1115 
14357 ± 968 
14747 ± 926 


18185 ± 3407 
15836 ±2671 
16794 ± 2828 


0*/R* ix\(f ) 
0+-^/H+ (xlO'') 
0+++/H+ (xlO*) 

12 + log(0/H) 


0.124 ±0.026 
0.143 ± 0.020 

0.267 ± 0.033 
7.427 ± 0.053 


0.134 ±0.031 
0.100 ±0.015 

0.235 ± 0.035 
7.370 ± 0.064 


0.226 ± 0.048 
0.147 ±0.022 

0.373 ± 0.053 
7.572 ± 0.062 


0.122 ±0.023 
0.335 ± 0.064 

0.457 ± 0.068 
7.660 ± 0.064 


0.201 ± 0.084 
0.116 ±0.051 

0.317 ±0.098 
7.502 ±0.135 


N+/H+ (xlO*) 
ICF 

log(N/0) 


0.400 ± 0.076 
2.173 
-1.487 ± 0.098 




0.607 ±0.109 
1.620 
-1.579 ±0.101 


0.421 ± 0.049 
3.713 
-1.466 ±0.094 


0.347 ±0.105 
1.537 
-1.774 ±0.190 


Ne++/H+ (XIO^) 
ICF 

log(Ne/0) 








0.497 ±0.109 
1.092 
-0.925 ±0.135 


0.283 ±0.127 
1.305 
-0.934 ± 0.428 




0.206 ± 0.028 


0.458 ± 0.070 


0.420 ± 0.053 


0.162 ±0.018 


0.391 ±0.092 



S++/H+ (xlO«) 
ICF 

log(S/0) 

C1++/H+ (xlO**) 
ICF 

log(Cl/0) 

AI++/H+ (xlO^) 
Ar+++/H+ (xlO'') 
ICF 

log(Ar/0) 

Fe-"-^/H-"(xl0^)(4658) 
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Table 6. — Continued. 



Galaxy 



Fe++/H+(xlO*)(4988) 
ICF 

log(Fe/0) (^4658) 
log(Fe/0) (4988) 


Property 


J0906+2528NO.2'' 


J0908+0517NO.1'' 


J0908+0517No.2« 


J0950+3127NO.1'' 


J0950+3127No.2° 


re(Olll)(K) 
re(Oll)(K) 
re(SlIl)(K) 


16859 ± 1865 
15304 ± 1535 
15693 ± 1548 


18467 ± 1146 
15927 ± 1416 
17028 ±951 


16151 ±478 
14950 ± 403 
15105 ± 397 


18248 ± 1099 
15857 ± 1352 
16846 ± 912 


19018 ±4780 
16082 ± 3616 
17485 ± 3967 


0-"/H+ (xlO*) 
0-"+/H+ (xlO"*) 
0*-^*/li* (xlO*^) 

12 + log(0/H) 


0.105 ± 0.028 
0.186 ±0.050 

0.291 ± 0.058 
7.464 ± 0.086 


0.174 ±0.046 
0.072 ± 0.012 

0.245 ± 0.047 
7.390 ± 0.083 


0.082 ± 0.006 
0.374 ± 0.028 
2.190 ±0.301 
0.478 ± 0.029 
7.680 ± 0.026 


0.168 ± 0.041 
0.086 ± 0.014 

0.254 ± 0.043 
7.405 ± 0.073 


0.149 ±0.082 
0.132 ±0.077 

0.281 ±0.112 
7.448 ±0.174 


N+/H+ (xlO") 
ICF 

log(N/0) 


0.390 ± 0.075 
2.800 
-1.426 ±0.119 


0.633 ±0.166 
1.335 
-1.463 ±0.146 


0.401 ± 0.025 
5.643 
-1.324 ±0.038 




0.359 ±0.153 
1.889 
-1.617 ±0.254 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 


0.401 ±0.138 
1.135 
-0.806 ± 0.223 




0.776 ± 0.065 
1.072 
-0.759 ±0.051 






S+/H+ (xlO*^) 
o /n ^_/^iu J 
ICF 

log(S/0) 


0.133 ±0.021 


0.439 ± 0.072 


0.229 ± 0.010 
n Rd.^ -t- n 1 ^9 
1.457 
-1.485 ± 0.060 




0.253 ± 0.080 


C1++/H+ (xlO^) 
ICF 

log(Cl/0) 












Ar++/H+ (xlO^) 
Ar+++/H+ (xlO'') 
ICF 

Iog(Ar/0) 






2.302 ±0.139 

1.402 
-2.171 ±0.037 




2.463 ± 0.774 

1.044 
-2.038 ± 0.221 


Fe++/H+(xl0'')(4658) 
Fe++/H+(xl0*)(4988) 
ICF 

Iog(Fe/0) (/i4658) 
log(Fe/0) (4988) 












Property 


DD068 No.2'' 


DD068 No.3'' 


J1056+3608NO.1'' 


J1056+3608NO.2'' 


J1056+3608NO.3'" 


re(Olll)(K) 
re(Oll)(K) 
T,{S lll)(K) 


17046 ± 1043 
15389 ± 853 
15848 ± 865 


17069 ± 2053 
15400 ± 1678 
15867 ± 1704 


22610 ± 2410 
16363 ± 1464 
20467 ± 2000 


25776 ± 6755 
15563 ± 2713 
23094 ± 5606 


20945 ± 3381 
16390 ± 2313 
19084 ± 2806 


0+/H+ (xlO'*) 
(xlO-*) 
(xlO*) 
0/H(xlO'*) 
12 + log(0/H) 


0.038 ± 0.006 
0.112 ±0.017 

0.150 ±0.018 
7.176 ±0.051 


0.048 ± 0.014 
0.073 ± 0.021 

0.121 ±0.025 
7.083 ± 0.090 


0.053 ± 0.012 
0.090 ± 0.021 

0.143 ±0.024 
7.155 ±0.073 


0.158 ± 0.070 
0.049 ± 0.026 

0.207 ± 0.075 
7.316 ±0.157 


0.116 ±0.040 
0.086 ±0.031 

0.202 ± 0.050 
7.306 ±0.108 


N-"/H+ (xlO*) 
ICF 






0.187 ±0.040 
2.723 
-1.448 ± 0.117 


0.589 ±0.186 
1.199 
-1.467 ± 0.217 


0.411 ±0.108 
1.717 
-1.457 ±0.158 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 


0.227 ± 0.038 
1.086 
-0.785 ±0.103 


0.124 ±0.039 
1.155 
-0.928 ± 0.218 


0.188 ±0.049 
1.140 
-0.825 ±0.173 




0.319 ±0.117 
1.264 
-0.700 ±0.315 


S+/H+ (xlO*^) 
S++/H+ (xlO*) 
ICF 

log(S/0) 


0.084 ± 0.007 


0.067 ±0.011 


0.088 ± 0.014 


0.235 ± 0.060 


0.185 ±0.037 


C1++/H+ (xlO**) 
ICF 

Iog(Cl/0) 












Ar++/H+ (xlO^) 
Ar+++/H+ (xlO'') 
ICF 


0.673 ± 0.075 
1.173 
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Table 6. — Continued. 



Galaxy 



log(Ar/0) 


-2.279 ± 0.070 










Fe++/H+(xl0*')(4658) 
Fe++/H+(xl0*)(4988) 
ICF 

log(Fe/0) (/14658) 
log(Fe/0) (4988) 












Property 


Jl 109+2007" 


J1119+0935NO.1'' 


J1119+0935No.2« 


J1119+0935NO.3'' 


J1121+3744N0.1'' 


re(Olll)(K) 
re(Oll)(K) 
re(SlIl)(K) 


24617 ± 3823 
15969 ± 1875 
22132 ±3173 


17349 ± 1010 
15521 ± 1226 
16100 ± 838 


13998 ± 899 
13570 ± 803 
13784 ± 746 


18231 ± 1151 
15851 ± 1417 
16832 ± 955 


20000 ± 1817 
16284 ± 2304 
18300 ± 1508 


(xlO"*) 
0+++/H+ (xlO*) 
O/HCxlO"*) 
12 + log(0/H) 


0.207 ± 0.060 
0.085 ± 0.028 

0.292 ± 0.066 
7.466 ± 0.099 


0.124 ±0.025 
0.173 ±0.025 

0.296 ± 0.035 
7.472 ± 0.052 


0.196 ±0.034 
0.310 ± 0.054 

0.506 ± 0.064 
7.704 ± 0.055 


0.220 ± 0.056 
0.052 ± 0.009 

0.272 ± 0.057 
7.434 ± 0.090 


0.025 ± 0.018 
0.034 ±0.011 

0.060 ±0.021 
6.776 ±0.155 


N+/H+ (XlO*) 
ICF 

log(N/0) 


0.373 ± 0.085 
1.333 
-1.768 ±0.144 


0.458 ± 0.078 
2.421 
-1.427 ±0.089 


0.636 ± 0.075 
2.608 
-1.485 ± 0.075 


0.888 ±0.141 
1.102 
-1.442 ±0.172 




Ne++/H+ (XIO^) 
ICF 

log(Ne/0) 






0.589 ±0.117 
1.148 
-0.874 ±0.134 






S+/H+ (xlO"^) 
S++/H+ (xlO«) 
ICF 

log(S/0) 


0.325 ± 0.054 


0.321 ± 0.039 


0.336 ± 0.033 






CI++/H+ fxin*i 

V^i 1 Li. V/\1V/ I 

ICF 

log(Cl/0) 












AI++/H+ (xlO^) 
Ar+++/H+ (xlO'') 
ICF 

log(Ar/0) 




0.915 ± 0.244 

1.046 
-2.491 ±0.127 


1.620 ±0.184 

1.054 
-2.472 ± 0.074 






Fe-*-+/H-'(xl0«)(4658) 
Fe+-*-/H+(xl0*)(4988) 
ICF 

log(Fe/0) (^4658) 
log(Fe/0) (4988) 












Property 


Jl 146+4050* 


J1226-0115NO.1'' 


J1226-0115NO.2'' 


J1235+2755N0.1'' 


J1235+2755N0.2'' 


T^{Om){K) 
re(Oll)(K) 
re(SlIl)(K) 


18792 ± 1032 
16021 ± 1282 
17297 ± 856 


16214 ± 267 
14983 ± 224 
15158 ±221 


15109 ±240 
14339 ± 208 
14724 ± 199 


16555 ± 1006 
15158 ± 836 
15441 ± 835 


14042 ± 360 
13603 ± 321 
13823 ± 299 


(XlO*) 
0++/H+ (xlO"*) 

0/H(xlO'*) 
12 + log(0/H) 


0.142 ±0.030 
0.078 ±0.011 

0.220 ±0.031 
7.343 ± 0.062 


0.086 ± 0.004 
0.507 ± 0.022 

0.593 ± 0.022 
7.773 ±0.016 


0.091 ± 0.004 
0.551 ± 0.024 
0.925 ±0.127 
0.652 ± 0.024 
7.814 ± 0.016 


0.183 ± 0.027 
0.197 ± 0.030 

0.380 ± 0.040 
7.579 ± 0.046 


0.235 ± 0.016 
0.445 ±0.031 

0.680 ± 0.035 
7.832 ± 0.023 


N+/H+ (XlO*) 
ICF 

Iog(N/0) 


0.727 ±0.129 
1.502 
-1.305 ±0.101 


0.328 ±0.011 
6.637 
-1.435 ±0.022 


0.406 ±0.013 
6.836 
-1.370 ±0.022 


0.329 ± 0.040 
2.088 
-1.743 ±0.070 


0.715 ±0.035 
2.919 
-1.513 ±0.031 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 




0.948 ± 0.044 
1 .047 
-0.776 ± 0.028 


0.922 ± 0.045 
1.050 
-0.828 ± 0.029 


0.474 ± 0.087 
1.203 
-0.824 ±0.135 


1.051 ±0.082 
1.127 
-0.759 ±0.051 


S+/H+ (XlO*) 
S++/H+ (XlO*) 
ICF 

log(S/0) 


0.298 ± 0.039 


0.210 ±0.018 
0.770 ± 0.055 
1.618 
-1.593 ±0.030 


0.179 ±0.005 
0.923 ± 0.062 
1.651 

-1.554 ± 0.029 


0.185 ±0.024 


0.257 ± 0.01 1 
0.834 ±0.112 
1.033 
-1.780 ±0.050 



C1++/H+ (xlO^) 
ICF 

log(Cl/0) 
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Table 6. — Continued. 



Galaxy 



Ar++/H+ (xlO') 
Ar+++/H+ (xlO'') 
ICF 

log(Ar/0) 


1.257 ± 0.482 

1.070 
-2.214 ±0.178 


2.428 ± 0.076 
0.817 ±0.131 
1.551 
-2.197 ±0.032 


2.197 ±0.067 
0.923 ±0.185 
1.582 
-2.273 ± 0.042 




2.390 ±0.110 

1.073 
-2.423 ± 0.030 


Fe*-'/H*(xl0*)(4658) 
Fe++/H+(xl0*)(4988) 
ICF 

log(Fe/0) (-14658) 
log(Fe/0) (4988) 












Property 


J1235+2755N0.3'' 


11241-0340" 


J1257+3341N0.1'' 


J1257+3341N0.2'' 


J1257+3341N0.3'' 


T,(0 III) (K) 
Te(0 II) (K) 
TeCS III) (K) 


15450 ± 539 
14551 ± 464 
15000 ±448 


16545 ± 246 
15153 ±204 
15432 ± 204 


15895 ± 2193 
14810 ± 1862 
14893 ± 1821 


16413 ± 1028 
15087 ± 1230 
15323 ± 854 


17022 ±2091 
15379 ± 1712 
15828 ± 1735 


(xlO'*) 
0++/H+ (xlO'') 
0+++/H+ (xlO«) 
O/H(xl0'') 
12 + log(0/H) 


0.233 ± 0.021 
0.358 ± 0.032 

0.591 ±0.038 
7.772 ± 0.028 


0.113 ±0.004 
0.436 ± 0.017 

0.548 ± 0.017 
7.739 ±0.014 


0.144 ±0.048 
0.151 ±0.052 

0.295 ± 0.071 
7.470 ±0.105 


0.269 ± 0.059 
0.147 ± 0.023 

0.416 ± 0.064 
7.619 ±0.067 


0.173 ±0.049 
0.128 ±0.038 

0.301 ± 0.062 
7.479 ± 0.090 


N+/H+ (xlO") 
ICF 

log(N/0) 


0.695 ± 0.043 
2.559 
-1.522 ±0.039 


0.330 ± 0.010 
4.767 
-1.542 ±0.019 


0.525 ±0.123 
2.055 
-1.437 ±0.146 




0.536 ±0.071 
1.722 
-1.537 ±0.128 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 


0.846 ± 0.084 
1.153 
-0.783 ± 0.068 


1.051 ±0.043 
1.067 
-0.689 ± 0.025 


0.364 ±0.132 
1.207 
-0.827 ± 0.276 


0.822 ±0.179 
1.316 
-0.585 ± 0.214 


0.315 ±0.100 
1.263 
-0.880 ± 0.273 


S+/H+ (xlO"^) 
S++/H+ (xlO*) 
ICF 

log(S/0) 


0.240 ± 0.012 
0.724 ± 0.095 
0.982 
-1.796 ±0.052 


0.166 ±0.004 
0.795 ± 0.057 
1.317 
-1.637 ±0.029 


0.227 ± 0.043 




0.172 ±0.029 


C1++/H+ (xIO^) 
ICF 

log(Cl/0) 












M**lVt (■x.lO') 
Ar+++/H+ (xlO'') 
ICF 

log(Ar/0) 


2.367 ±0.125 

1.051 

-2.376 ± 0.036 


2.277 ± 0.063 

1.279 
-2.274 ± 0.018 


0.879 ± 0.232 

1.041 

-2.508 ±0.155 




1.028 ±0.239 

1.052 
-2.445 ±0.135 



Fe++/H+(xl0«)(4658) 
Fe++/H+(xl0*)(4988) 
ICF 

log(Fe/0) (,14658) 
log(Fe/0) (4988) 



J1403+5804NO.1'' J1403+5804Na2° SBS 1420+544" 



Property 



PHL293B° 



T,{0 III) (K) 
re(Oll)(K) 
re(SlIl)(K) 



18535 ± 1034 
15947 ± 1279 
17084 ± 858 



19766 ± 1341 
16244 ± 979 
18106 ± 1113 



16600 ± 262 
15180 ±218 
15478 ± 218 



17172 ± 320 
15445 ± 260 
15952 ± 265 



0+/H+ (xlO'*) 


0.124 ±0.027 


0.086 ± 0.013 


0.050 ± 0.002 


0.090 ± 0.004 


0++/H+ (xlO'') 


0.104 ±0.014 


0.165 ±0.026 


0.569 ± 0.023 


0.371 ±0.017 


0+++/H+ (xlO*) 








0.414 ± 0.072 


O/H(xl0'*) 


0.228 ± 0.030 


0.251 ±0.029 


0.619 ± 0.023 


0.465 ±0.018 


12 + log(0/H) 


7.358 ± 0.057 


7.400 ± 0.049 


7.792 ± 0.016 


7.667 ± 0.017 


N+/H+ (XlO*) 


0.406 ± 0.097 


0.197 ±0.029 


0.158 ±0.008 


0.147 ± 0.007 


ICF 


1.839 


2.936 


11.432 


5.034 


log(N/0) 


-1.485 ±0.119 


-1.639 ±0.080 


-1.536 ± 0.029 


-1.797 ± 0.028 


Ne++/H+ (XIO^) 




0.361 ± 0.059 


1.216 ± 0.054 


0.875 ± 0.044 


ICF 




1.126 


1.029 


1.066 


log(Ne/0) 




-0.791 ±0.108 


-0.694 ± 0.026 


-0.697 ±0.031 


S+/H+ (xlO*) 


0.208 ± 0.038 


0.122 ±0.012 


0.084 ± 0.003 


0.110 ±0.004 


S++/H+ (xlO") 






0.550 ± 0.062 


0.455 ± 0.063 


ICF 






2.408 


1.359 


Iog(S/0) 






-1.608 ± 0.046 


-1.782 ±0.051 



C1++/H+ (xlO*) 
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Table 6. — Continued. 



Galaxy 



ICF 








log(Cl/0) 








Ar++/H+ (xlO'') 


1.008 ±0.150 


1.663 ± 0.064 


1.396 ± 0.055 


Ar+++/H+ (xlO'') 




1.309 ±0.193 


0.774 ±0.136 


ICF 


1.075 


2.323 


1.315 


log(Ar/0) 


-2.365 ±0.081 


-2.205 ± 0.056 


-2.404 ± 0.049 


Fe*+/H+(xl0«)(4658) 






0.178 ± 0.027 


Fe++/H+(xl0*)(4988) 








ICF 






7.060 


log(Fe/0) (^4658) 






-1.569 ± 0.067 


log(Fe/0) (4988) 









"direct method, 
''semi-empirical method. 
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Table 7. Ionic and total heavy element abundances derived from the low-resolution MMT spectta 



Galaxy 



Property 


J1016+3754" 


J1016+5823NO.1" 


J1016+5823NO.2" 


J1016+5823NO.3" 


J1044+0353" 


re(Olll)(K) 
re(Oll)(K) 
re(S III)(K) 


17167 ± 214 
15443 ± 174 
15949 ± 178 


15410 ± 205 
14526 ± 177 
14968 ± 170 


15170 ± 1093 
14377 ± 947 
14774 ± 907 


16960 ± 265 
15351 ± 217 
15776 ± 220 


19881 ±256 
16265 ± 186 
18201 ±212 


(xlO'') 
(xlO'*) 
(xlO*') 
O/H(xl0'') 
12 + log(0/H) 


0.052 ± 0.002 
0.373 ± 0.012 
1.490 ±0.125 
0.441 ± 0.012 
7.644 ± 0.012 


0.115 ±0.004 
0.422 ± 0.015 
0.741 ±0.111 
0.545 ± 0.016 
7.736 ± 0.013 


0.139 ±0.026 
0.253 ± 0.047 

0.393 ± 0.054 
7.594 ± 0.059 


0.088 ± 0.004 
0.327 ±0.013 
0.362 ± 0.079 
0.418 ± 0.014 
7.622 ± 0.014 


0.024 ± 0.001 
0.247 ± 0.008 
0.587 ± 0.040 
0.277 ± 0.008 
7.442 ± 0.012 


N+/H+ (xlO'') 
ICF 

log(N/0) 


0.157 ±0.008 
7.976 
-1.545 ±0.026 


0.230 ±0.010 
4.649 
-1.707 ±0.024 


0.514 ±0.067 
2.840 
-1.430 ±0.082 


0.172 ±0.011 
4.670 
-1.717 ±0.031 


0.063 ± 0.004 
10.950 
-1.605 ±0.032 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 


0.725 ± 0.025 
1.049 
-0.763 ±0.021 


0.865 ± 0.034 
1.074 
-0.768 ± 0.024 


0.456 ± 0.097 
1.132 
-0.882 ±0.139 


0.660 ± 0.029 
1.072 
-0.772 ± 0.026 


0.471 ±0.015 
1.035 
-0.754 ± 0.019 


S+/H+ (Xl0«) 
(xlO^) 

ICF 

log(S/0) 


0.077 ± 0.002 
0.650 ± 0.050 
1.837 
-1.518 ± 0.032 


0.151 ±0.004 
0.725 ± 0.067 
1.298 
-1.680 ±0.035 


0.310 ±0.033 


0.122 ±0.004 
0.348 ± 0.068 
1.302 
-1.835 ± 0.065 


0.039 ± 0.001 
0.233 ± 0.024 
2.328 
-1.640 ±0.041 


Cl /H (XlO ) 
ICF 

log(Cl/0) 












Ar++/H+ (xlO') 
Ar+++/H+ (xlO') 
ICF 

log(Ar/0) 


1.382 ±0.066 
0.983 ±0.111 
1.760 
-2.258 ± 0.043 


1.259 ±0.074 

1.263 
-2.535 ± 0.028 




1.096 ± 0.099 

1.266 
-2.480 ± 0.042 


0.667 ± 0.032 
0.561 ± 0.042 
2.244 
-2.267 ± 0.036 


Fe++/H+(xl0*')(4658) 
Fe++/H+(xl0*)(4988) 
ICF 

log(Fe/0) (i4658) 
log(Fe/0) (4988) 


0.195 ±0.028 

11.599 
-1.290 ±0.063 


0.151 ±0.029 
0.175 ±0.018 
6.475 
-1.747 ±0.084 
-1.682 ±0.046 




0.174 ±0.034 
0.240 ± 0.025 
6.507 
-1.568 ±0.086 
-1.429 ± 0.047 




Property 


J1119+5130'' 


J1132+5722N0.1'' 


J1132+5722No.2« 


J1132+5722N0.3'' 


1115444636" 


re(Olll)(K) 
re(Oll)(K) 
re(SlIl)(K) 


17000 ± 473 
15369 ± 387 
15810 ± 393 


15826 ±511 
14771 ± 434 
14836 ± 424 


14711 ±507 
14078 ± 445 
14394 ± 421 


16725 ± 1052 
15241 ± 870 
15582 ± 873 


15256 ± 372 
14432 ± 321 
14844 ± 308 


(XlO*) 
(XlO") 
0+++/H+ (xlO*) 
0/H(xlO'*) 
12 + log(0/H) 


0.087 ± 0.006 
0.219 ±0.015 
1.428 ± 0.408 
0.320 ± 0.017 
7.505 ± 0.023 


0.107 ±0.009 
0.202 ± 0.017 
0.571 ±0.108 
0.315 ±0.019 
7.498 ± 0.026 


0.155 ±0.014 
0.389 ± 0.036 

0.544 ± 0.039 
7.736 ± 0.031 


0.125 ± 0.019 
0.350 ± 0.054 

0.475 ± 0.058 
7.676 ± 0.053 


0.143 ±0.009 
0.404 ± 0.026 
1.682 ±0.305 
0.563 ± 0.027 
7.751 ±0.021 


(xlO«) 

ICF 

log(N/0) 


0.201 ± 0.017 
3.667 
-1.638 ±0.044 


0.296 ± 0.023 
2.952 
-1.557 ±0.041 


0.649 ± 0.048 
3.502 
-1.380 ± 0.045 


0.461 ± 0.078 
3.778 
-1.436 ±0.091 


0.612 ± 0.034 
3.911 
-1.372 ±0.032 


Ne++/H+ (xlO') 
ICF 

log(Ne/0) 


0.479 ± 0.036 
1.113 
-0.778 ± 0.048 


0.409 ± 0.036 
1.134 
-0.832 ± 0.059 


0.579 ± 0.063 
1.099 
-0.932 ± 0.067 


0.603 ±0.106 
1.090 
-0.859 ±0.109 


0.907 ± 0.063 
1.099 
-0.752 ± 0.044 


S+/H+ (xlO*) 
b /H (XlU ) 
ICF 

log(S/0) 


0.123 ±0.007 
0.44/ ± 0.142 
1.145 
-1.690 ±0.111 


0.234 ±0.011 
0.585 ± (}. 101 
1.038 
-1.569 ± 0.060 


0.308 ± 0.017 
0.805 ± 0. 182 
1.120 
-1.640 ± 0.078 


0.240 ± 0.025 


0.309 ±0.013 
1.015 ± 0.138 
1.183 
-1.556 ±0.050 


CI++/H+ (xlO*) 
ICF 

log(Cl/0) 












Ar++/H+ (xlO') 
Ar+++/H+ (xlO'') 
ICF 

log(Ar/0) 


0.702 ±0.102 

1.143 
-2.601 ± 0.067 


1.086 ±0.121 

1.076 
-2.431 ±0.055 


2.030 ± 0.207 

1.126 
-2.377 ± 0.054 




1.816 ±0.154 

1.171 
-2.423 ± 0.043 


Fe++/H+(xl0*)(4658) 










0.327 ± 0.055 
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Table 7. — Continued. 



Galaxy 



Fe++/H+(xl(/')(4988) 
ICF 

log(Fe/0) (-14658) 
log(Fe/0) (4988) 


0.188 ±0.038 
4.999 

-1.531 ± 0.090 


0.278 ± 0.035 
3.954 

-1.456 ±0.060 






0.490 ± 0.067 
5.363 
-1.507 ±0.076 
-1.332 ±0.063 


Property 


J1215+5223'' 


11224+3724" 


J1244+3212N0.1'' 


J1244+3212N0.2'' 


J1244+3212N0.3'' 


re(Olll)(K) 
re(Oll)(K) 
re(S III)(K) 


16226 ± 401 
14990 ± 337 
15168 ± 333 


16288 ± 198 
15022 ± 166 
15219 ± 164 


14734 ± 198 
14093 ± 174 
14414 ± 165 


14010 ± 295 
13579 ± 264 
13794 ± 245 


14238 ± 185 
13746 ± 165 
13992 ± 154 


(xlO'') 

(xi(r*) 

(XlO*) 
O/H(xl0**) 
12 + log(0/H) 


0.100 ±0.006 
0.238 ± 0.015 

0.338 ± 0.016 
7.529 ± 0.021 


0.085 ± 0.003 
0.503 ± 0.016 
0.755 ± 0.087 
0.596 ± 0.017 
7.775 ± 0.012 


0.218 ± 0.008 
0.424 ± 0.016 
0.651 ±0.126 
0.648 ± 0.018 
7.812 ±0.012 


0.212 ±0.013 
0.587 ± 0.034 

0.799 ± 0.036 
7.903 ± 0.020 


0.240 ± 0.009 
0.400 ± 0.015 

0.640 ± 0.017 
7.806 ± 0.012 


(xlO'') 

ICF 

log(N/0) 


0.275 ± 0.018 
3.387 
-1.561 ±0.035 


0.364 ± 0.013 
6.715 
-1.387 ±0.020 


0.496 ± 0.015 
2.994 
-1.640 ± 0.018 


0.469 ± 0.023 
3.746 
-1.658 ±0.029 


0.647 ± 0.019 
2.694 
-1.565 ±0.017 


Ne++/H+ (xlO^) 
ICF 

log(Ne/0) 


0.486 ± 0.033 
1.104 
-0.800 ± 0.043 


0.995 ± 0.035 
1.050 
-0.756 ± 0.021 


0.916 ±0.037 
1.128 
-0.797 ± 0.027 


1.132 ±0.073 
1.091 
-0.811 ±0.040 


0.808 ± 0.033 
1.142 
-0.841 ±0.027 


S+/H+ (XlO*) 
(XlO*) 

ICF 

log(S/0) 


0.098 ± 0.005 
0.630 ±0.120 
1.102 
-1.625 ±0.075 


0.140 ±0.004 
0.681 ± 0.063 
1.631 

-1.649 ±0.036 


0.259 ± 0.006 
0.742 ± 0.065 
1.044 
-1.793 ±0.031 


0.246 ± 0.010 
1.107 ±0.142 
1.157 
-1.708 ±0.050 


0.282 ± 0.007 
0.902 ± 0.068 
1.001 
-1.732 ±0.028 


ICF 

log(Cl/0) 




9 1 + n 053 
1.227 
-3.352 ±0.016 








Ar++/H+ (xlO') 
Ar+++/H+ (xlO') 
ICF 

log(Ar/0) 


1.259 ±0.107 

1.114 
-2.382 ± 0.043 


1.898 ±0.077 
1.026 ±0.097 
1.563 
-2.303 ±0.031 


2.183 ±0.088 

1.079 
-2.439 ±0.021 


2.546 ±0.151 

1.152 
-2.435 ± 0.032 


2.453 ± 0.095 

1.059 
-2.392 ± 0.021 


Fe++/H+(xl0*)(4658) 
Fe++/H+(xl0*)(4988) 
ICF 

log(Fe/0) (.14658) 
log(Fe/0) (4988) 




0.170 ±0.022 
0.248 ± 0.022 
9.645 
-1.560 ±0.058 
-1.396 ±0.041 


0.130 ±0.033 

4.014 
-2.096 ±0.110 




0.163 ±0.021 

3.586 
-2.040 ± 0.058 


Property 


11248+4823" 


J 1327+4022" 


11331+4151" 


J1355+4651" 


J1608+3528'' 


T,(0 III) (K) 
T,(0 II) (K) 
7"e(S III)(K) 


16052 ± 195 
14896 ± 165 
15023 ± 162 


16970 ± 234 
15355 ± 192 
15785 ± 194 


17192 ± 183 
15454 ± 149 
15969 ± 152 


19749 ± 287 
16241 ±210 
18092 ±238 


17754 ± 265 
15682 ±211 
16436 ± 220 


(xlO'') 
(xlff*) 
0+++/H+ (XlO*) 
O/H (XlO'') 
12 + log(0/H) 


0.077 ± 0.003 
0.536 ± 0.017 
1.260 ±0.143 
0.626 ±0.018 
7.796 ± 0.012 


0.041 ± 0.002 
0.436 ± 0.015 
2.083 ±0.186 
0.497 ± 0.016 
7.696 ± 0.014 


0.058 ± 0.002 
0.433 ± 0.012 
0.989 ± 0.064 
0.501 ± 0.012 
7.700 ±0.011 


0.020 ± 0.001 
0.347 ± 0.012 
0.945 ±0.149 
0.377 ± 0.012 
7.576 ± 0.014 


0.025 ± 0.001 
0.578 ± 0.022 
1.729 ±0.244 
0.621 ± 0.022 
7.793 ± 0.015 


(XlO*) 

ICF 

log(N/0) 


0.232 ±0.011 
7.691 
-1.544 ± 0.026 


0.187 ±0.012 
11.401 
-1.368 ±0.032 


0.173 ±0.005 
8.151 
-1.551 ±0.018 


0.079 ± 0.012 
17.253 
-1.440 ± 0.073 


0.055 ± 0.010 
22.543 
-1.701 ±0.087 


Ne++/H+ (XlO') 
ICF 


1.045 ±0.037 
1.046 
n 7^7 -1- n no 1 

— U. /J/± U.UZl 


0.806 ±0.031 
1.040 

n 77^^ -I- n (vyx 


0.840 ± 0.025 
1.044 
n 7^7 4- n ni R 

U. IJ 1 ± U.Uio 


0.636 ± 0.023 
1.028 

— U. / Oi ± U.UZZ 


1.271 ±0.050 
1.025 
n ft7a -1- n coa 

— U.D/O ± U.UZ^- 


S+/H+ (xlO*) 
S++/H+ (XlO*) 
ICF 

log(S/0) 


0.1 18 ±0.003 
0.784 ± 0.061 
1.791 

-1.588 ±0.032 


0.085 ± 0.003 
0.805 ± 0.072 
2.402 
-1.367 ±0.038 


0.100 ±0.002 
0.716 ±0.039 
1.866 
-1.518 ±0.023 


0.041 ± 0.003 
0.252 ± 0.045 
3.375 
-1.582 ±0.068 


0.035 ± 0.005 


C1++/H+ (xlO^) 
ICF 

log(CVO) 












Ar++/H+ (xlO') 
Ar+++/H+ (XlO'') 
ICF 


2.377 ± 0.088 
0.793 ± 0.089 
1.715 


1.829 ±0.107 
1.137 ±0.129 
2.318 


1.774 ± 0.055 
1.084 ± 0.072 
1.788 


0.957 ± 0.085 
1.455 ±0.094 
3.300 


0.927 ±0.103 
2.176 ±0.167 
4.197 



Y. I. Izotov et al.: Hunting for extremely metal-poor emission-line galaxies, Online Material p 17 

Table 7. — Continued. 



log(Ar/0) 



-2.186 ±0.026 



-2.069 ± 0.042 



Galaxy 
-2.199 ±0.024 



-2.077 ± 0.059 



-2.203 ± 0.093 



Fe++/H+(xl0*')(4658) 
Fe++/H+(xl0*)(4988) 
ICF 

log(Fe/0) (^4658) 

Io2(Fe/0) (4988) 



0.125 ± 0.024 
0.255 ±0.031 
11.156 
-1.651 ±0.083 

-1.342 ±0.054 



0.225 ± 0.028 

16.938 
-1.116 ±0.056 



0.143 ±0.020 

11.871 
-1.470 ±0.062 



"direct mctliod. 
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Table 8. Ionic and total heavy element abundances derived from the high-resolution MMT spectra 









Galaxy 






Property 


10810+1837° 


J0833+2508 No.l" 


J0833+2508 No.2" 


J0931+2717 No.l" 


J0931+2717 No.2'' 


re(0 III) (K) 
re(Oll) (K) 


14517 + 3643 
13945 ± 3212 


15635 ± 820 
14661 ± 702 


21239 ± 4080 
16405 + 2740 


17809 + 1015 
15702 + 1241 


17147 + 1014 
15434 + 1226 


0++/H+ (xlO'') 


0.381 ± 0.247 
0.292 + 0.193 


0.210 ± 0.027 
0.281 +0.038 


0.172 + 0.069 
0.100 + 0.042 


0.175+0.035 
0.106 + 0.015 


0.199 + 0.041 
0.134 + 0.020 



0+++/H+ (xlO^) 



0/H (xlO'') 


0.673 + 0.314 


0.491 ± 0.046 


0.272 ± 0.081 


0.281 ±0.038 


0.333 ± 0.045 


12 + log(0/H) 


7.828 ± 0.202 


7.691 ± 0.041 


7.434 + 0.130 


7.448 ± 0.059 


7.522 + 0.059 


Ne++/H+ (xlO^) 


0.781 + 0.550 


0.544 + 0.078 


0.346 + 0.140 


0.210 + 0.050 


0.253 + 0.063 


ICF 


1.258 


1.171 


1.304 


1.298 


1.280 


log(Ne/0) 


-0.836 ± 0.597 


-0.887 ± 0.102 


-0.780 ± 0.390 


-1.012 + 0.218 


-1.012 + 0.220 


Property 


DD068 No.3'' 


DD068 No.4'' 


J1057+1358 No.l" 


Jl 121+3744 No.l* 


11231+4205" 


TeCO III) (K) 


16721 ± 747 


16521 ± 1935 


20000 ±1061 


20000 ± 1066 


15730 + 761 


TJO II) (K) 


15239 ± 618 


15141 ± 1610 


16284 ± 1345 


16284 ± 1351 


14716 ± 649 


0+/H+ (xlO") 


0.044 + 0.005 


0.083 + 0.023 


0.119 + 0.025 


0.061 + 0.014 


0.209 ± 0.025 


0**/H* (xlO*) 


0.098+0.011 


0.060 + 0.017 


0.034 + 0.005 


0.069 + 0.010 


0.208 + 0.026 


Q+++/11+ (xlO*) 












O/HCxlO") 


0.142 + 0.012 


0.143 + 0.029 


0.152 + 0.026 


0.130 + 0.017 


0.418 + 0.036 


12 + log(0/H) 


7.152 + 0.036 


7.155 + 0.087 


7.182 + 0.073 


7.115+0.057 


7.621 + 0.037 


Ne++/H+ (xlO^) 


0.199 + 0.023 


0.135 + 0.040 






0.459 + 0.061 


ICF 


1.110 


1 .267 






1.215 


log(Nc/0) 


-0.808 ± 0.074 


-0.924 ± 0.259 






-0.875 + 0.103 


Property 


10834+5905" 


10959+4626* 








re(0 III) (K) 


21493 + 2679 


17404 + 1007 








T,iO II) (K) 


16411 + 1769 


15543 + 1223 








0+/H+ (xlO") 


0.092 ± 0.024 


0.216 ± 0.043 








(xlO^*) 


0.082 + 0.022 


0.103 + 0.014 








0**W (xlO«) 












O/H(xl0'*) 


0.174 + 0.033 


0.319 + 0.046 








12 + log(0/H) 


7.241 + 0.082 


7.504 + 0.062 








Ne++/H+ (xlO^) 


0.183 + 0.052 


0.292 ± 0.061 








ICF 


1.233 


1.339 








log(Ne/0) 


-0.887 ± 0.228 


-0.912 + 0.219 









"direct method. 

* semi-empirical method. 
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Fig. 1. 3.5m APO spectra of galaxies. 
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Fig. 1. — Continued. 
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Fig. 1. — Continued. 
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Fig. 2. Low-resolution MMT spectra. 
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Fig. 2. — Continued. 
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Fig. 3. Medium-resolution MMT spectra. 



T 1 1 1- 



-1 1 1 1- 

J0834+5905 




H 1 1 H 



2 

1.5 
1 

0.5 




3500 



4000 



4500 



5000 3500 4000 

Wavelength (A) 



4500 



5000 
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